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Resumen
La aplicacion de las Tecnologas de la Informacion y la Comunicacion al ambito del apren-
dizaje tiene como resultado la ampliacion del abanico de posibilidades en lo que a modelos
pedagogicos se reere. La aparicion de lenguajes de modelado educativo permite la orques-
tacion de actividades en entornos de educacion a distancia. Esto hace posible la ejecucion
de cursos en los que priman la participacion activa del sujeto y la interaccion entre los dife-
rentes actores del proceso de aprendizaje. La orquestacion de cursos guiada por ordenador
no es exclusiva de la educacion a distancia. En escenarios presenciales, por ejemplo, puede
suponer una importante reduccion de las tareas administrativas del profesorado.
La especicacion IMS Learning Design es el actual estandar de facto en el marco de
los lenguajes de modelado educativo. Es frecuente la aparicion de la especicacion en las
investigaciones mas recientes, explorando su uso en el ambito del trabajo colaborativo o en
la creacion de material adaptativo. Sin embargo, son varias las limitaciones que impiden una
adopcion practica del esquema de trabajo propuesto por IMS Learning Design. Entre estas
limitaciones, la falta de integracion con herramientas de terceros diculta la creacion y el
despliegue de cursos en los que el papel activo del alumno se reeje en el uso de herramientas
basadas en la Web, especialmente en entornos de aprendizaje a distancia o semipresencial.
Otro obstaculo importante es la falta de exibilidad del modelo, ya que las herramientas de
despliegue y ejecucion de cursos se limitan a reproducir un guion previamente establecido,
dejando escaso margen de actuacion al profesorado.
Esta tesis caracteriza los problemas mencionados y propone una solucion factible que
no limite las caractersticas propias de la especicacion, como son su interoperabilidad y
expresividad. Para ello, se ha seguido una metodologa de trabajo compuesta de tres fa-
ses: caracterizacion del problema, denicion e implementacion de la solucion, y validacion
experimental del modelo propuesto.
Para la caracterizacion del problema se ha llevado a cabo un estudio del estado del
arte con respecto a IMS Learning Design que se ha visto complementado con el dise~no y
despliegue de casos practicos reales. En analisis de dichos casos practicos se ha centrado en
el estudio de los factores que afectan a las fases de autora, despliegue y ejecucion de los
cursos. La documentacion y posterior publicacion de dichas experiencias supone por tanto
una de las contribuciones de esta tesis.
Tras la caracterizacion del problema, se propone una arquitectura que extiende la especi-
cacion IMS Learning Design. La arquitectura propuesta es independiente de la plataforma
software que se utilice en el dise~no y despliegue de cursos. Dicha arquitectura, que recibe el
nombre de Generic Service Integration, permite la integracion de herramientas de terceros
en cursos guiados por IMS Learning Design. Esta integracion se basa en la instanciacion
automatica de herramientas externas y el intercambio de informacion entre las plataformas
que intervienen en el curso. As, se permite la inclusion de actividades que requieran el uso
de herramientas basadas en la Web, sin que ello suponga una perdida de las caractersticas
propias de IMS Learning Design.
El modelo propuesto, Generic Service Integration, ha sido implementado como una ex-
i
tension de GRAIL, el reproductor de IMS Learning Design en .LRN. Dicha implementacion
ha permitido la puesta en marcha de casos de estudio en los que la integracion de herra-
mientas ha sido un elemento primordial de la secuencia de actividades de aprendizaje. El
analisis de dichas experiencias demuestra la viabilidad del modelo propuesto. Esta viabilidad
se reere tanto a la capacidad expresiva de la combinacion de IMS LD con GSI, como a su
alta replicabilidad y escalabilidad con un numero alto de participantes.
ii
Abstract
The range of applicable pedagogical models has increased with the adoption of the Informa-
tion and Communication Technologies in the educational eld. The so called educational
modelling languages enable the orchestration of learning activities on distance education
scenarios. It is possible, for example, to apply strategies that emphasise the relevance of
an active participation of the subject and the interaction among the dierent actors of the
learning process. Computer-mediated orchestration of learning courses can be extended
beyong distance education scenarios to face-to-face experiences.
The IMS Learning Design specication is the de facto standard educational modelling
language. The application of the specication in the support of collaborative learning models
or in the creation of adaptive learning material is a frequent topic in current research.
However, the model has several limitations that hinder the practical adoption of the IMS
Learning Design framework. Among these limitations, the lack of integration with third-
party tools is an obstacle for the creation and deployment of student-centred learning courses,
where the active participation implies the use of Web based tools. Distance and blended
learning models are especially aected by this limitation. Another factor that prevents full
adoption of the framework is the lack of exibility of the model: the existing players play a
previously created script and leave no room for teachers' reaction to unexpected events.
This dissertation proposes a solution for the previous problems without limiting the in-
trinsic benets of the specication, such as interoperability and expressiveness. The adopted
research methodology consists of three phases: characterisation of the problem, design and
implementation of the solution, and experimental validation of the proposed model.
The complete description of the problem has required a revision of the state of the art
regarding IMS Learning Design and the design and deployment of several cases of study. The
analysis of these cases has been centred in the study of the factors that aect the authoring,
deployment and enactment phases of scripted learning courses. The documentation and
publication of these experiences is one of the contributions of this dissertation.
An extension of the IMS Learning Design framework is proposed as a solution of the de-
scribed problem. The extension, called Generic Service Integration is platform independent
and allows the integration of third-party tools in courses described by IMS Learning Design.
The integration is enabled by the automation of administrative tasks such as the instanti-
ation of external tools, and by the information exchange among the platforms that take part
in the course. Thus, it is possible to include learning activities whose enactment requires the
use of Web based tools without losing the intrinsic characteristics of IMS Learning Design.
The framework proposed by Generic Service Integration has been implemented as an
extension of GRAIL, the IMS Learning Design player in the .LRN Learning Management
System. Such extension has allowed the design and deployment of cases of study in which
tool integration played an essential role in the sequence of activities. The analysis of these
experiences demonstrates the feasibility of the proposed model. Such feasibility tackles two
facts: rst, the expresiveness of the combination of IMS LD and GSI; second, the replicability
and scalability with a high number of participants.
iii
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Chapter 1
Introduction
I believe that scientic knowledge
has fractal properties, that no
matter how much we learn,
whatever is left, however small it
may seem, is just an innitely
complex as the whole was to start
with.
Isaac Asimov
1.1 Introduction
The active participation of the student in the learning process is recognised as one of the
key factors for a successful learning. The idea of an active subject was considered by Piaget
in his constructivist theory of learning [1]. According to him, the subject is responsible of
the construction of his/her own learning through the experience and the active participa-
tion in the learning process. The social constructivism, proposed by Vigotsky [2], asserts
the relevance of an active subject and contextualises it on a social environment. That is,
the interaction with other subjects is an important part of the learner's construction of
knowledge.
Both constructivist and social constructivist theories are reected on the techniques
used in formal education, where the learner is required to participate in the programmed
activities. The social component emphasises the relevance of collaboration and cooperation
among peers. Students' motivation plays an important role so that better participation
is achieved with motivated participants. The pedagogical model supported by the social
constructivism contains the following elements:
 Active participation of the student in the learning process. Knowledge acquisition
requires the execution of practical activities. Thus, self-study is just another part of
the learning process, and the emphasis should be put on the practical part of the
course.
 Interaction with peers. Collaborative and cooperative activities reinforce the acquired
learning and the positive interdependence helps on the achievement of transversal skills
such as leadership or responsibility.
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 Personalised learning environment. A high anity with learning content increases the
student's motivation. That is, the learner is more motivated the better adapted is the
content to his/her needs.
The dicult management of all the factors that aect collaborative and adaptive activ-
ities hindered the adoption of such models. However, the relatively recent use of personal
computers in the educational eld enables the quick management of administrative tasks.
Thus, the high requirements of constructivist based activities are relaxed so that they are
more widely adopted and student-centred courses are oered to an ever increasing number
of participants. Furthermore, the communication facilities oered by the Internet allows for
the inclusion of interactive activities in distance courses, what was otherwise impossible to
be enacted.
Although possible, the design of student-centred courses is a complex task due to the
need of considering a large number of factors that may aect the overall result of the course.
Course authors need to create learning material, design the activities and sequence all the
elements so that the learning is maximised. The complexity of the creation process suggests
the need of a method to reuse learning content in an eective way.
The idea of reusable learning material is not new. One of the very early attempts to
promote reusability in the digital era was the denition of Learning Objects [3]. There are
many dierent denitions of the term. Most these denitions describe the learning object
as a piece of self-contained learning material that can be used in the creation of learning
courses and that is easy to share and reuse. Despite the many institutional eorts aimed
at the creation of public repositories, learning objects have not reached the expected level
of use. A recent study [4] on the eld reveals that larger learning objects are more reused
than small ones. For example, a complete course about a certain topic is more reused than
a single picture. According to this pattern of content reuse, some authors consider that
learning objects cannot be separated from their context, because context is a crucial part of
learning [5].
An alternative to face the reusability of learning material is oered by the so called
educational modelling languages, which describe complete learning courses in such a way that
they can be shared and reused. A course described by an educational modelling language
usually consists in a sequence of learning activities, each of them dened by a description and
a collection of related learning resources. The IMS Learning Design specication (IMS LD)
is the most acknowledged existing modelling languages. It oers a framework to describe,
deploy and enact learning courses in a reusable and interoperable way, at the time that
supports a wide range of pedagogical learning models.
IMS LD is recognised by many authors as the de facto standard for course modelling [6].
According to the specication, a learning ow consists in a sequence of activities that are
performed by dierent roles and that occur in a pre-dened context. The step-by-step
delivery of activities supports the adaptation of the learning ow to the student needs, and
also the creation of complex collaborative learning ows.
The three above mentioned characteristics of the constructivist pedagogical model (active
subject, interaction with peers, personalisation of the environment) also describe social
interactions that go beyond the learning scenario. The application of such ideas in the eld
of communication and information has resulted in what we know as the Web 2.0. In other
words, the Web 2.0 is the technological support for the active interaction with peers in a
personalised environment. The functionality of typical Web 2.0 tools is rather simple and
clearly dened. Also, the interfaces are simple and agile. This design principle is oriented
towards increasing the participation and number of interactions, because the added value
of Web 2.0 tools comes from the number of users instead of the oered functionality [7, 8].
The breathtaking number of available tools grows rapidly and the adoption of Web 2.0
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technologies have impacted the way we access the information in our everyday life, so that
the user is now an active content producer instead of the old-fashioned passive content
consumer.
How to reach such participation level on learning activities is one of the current challenges
of student-centred pedagogical models. Therefore, current research is interested on the
inclusion of Web 2.0 tools and techniques in learning courses. However, the distributed
nature of the Web makes dicult to integrate its use in the centralised approach proposed by
current learning methods and technologies: apart from designing interactions in a distributed
environment, practitioners must consider how to track and evaluate students. In summary, it
is not clear how the distributed resources and services oered by the Web can be orchestrated
with a pedagogical sense and a reasonable administrative workload.
IMS Learning Design can provide support for the required orchestration. However, the
framework does not provide mechanisms to integrate the so called third-party tools in the
learning ow. Because of this limitation, courses whose activities are based on the use of the
Web 2.0 are dicult to administer and replicate. Besides, the lack of integration reduces
the adaptive capabilities of IMS LD courses due to the impossibility of using third-party
tool's information to adapt the learning ow. That is, learning courses that use Web 2.0
tools have limitations on their reusability, self-containment, collaborative capabilities and
adaptability.
The work presented in this dissertation analyses the tool integration problem and pro-
poses a solution that has been implemented in an existing IMS LD player and validated with
practical experiences. The proposal consists in a complementary framework for IMS LD.
This framework enables the integration of third-party tools, which can be achieved without
losing the principal characteristics of the original specication. The proposal, called Generic
Service Integration (GSI), covers the complete course life-cycle and species the following
requirements for authoring, deployment and enactment:
 During course authoring, oers a vocabulary to dene what service is being included,
who will use it and how it will be used.
 The deployment process is completed with the translation of the generic service descrip-
tion into a specic tool whose integration is supported by the corresponding service
adapter.
 During the enactment, the users interact with the course resources and services while
the IMS LD server exchanges information with the third-party tool.
The privacy issues derived from the batched information exchange between the two
servers suggest the inclusion of a new phase in the course life-cycle. This phase, called pre-
enactment, allows course participants to grant the permissions needed to request information
from an external server.
The methodology adopted in this dissertation emphasises the relevance of the experimen-
tal work. In the rst phase of the research work, the deployment and later analysis of eld
experiences allowed characterising the problem on its very detail. Later, the model was eval-
uated with the deployment of practical experiences that assessed the validity of the model.
The experiences presented in this document demonstrate from a practical perspective the
feasibility of the model and the benets oered in large-scaled scenarios.
1.2 Objectives
The objective of this dissertation is:
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To propose, implement and evaluate a framework that provides support
for the integration of third-party services in the authoring, deployment and
enactment of scripted courses represented in IMS Learning Design.
The accomplishment of this objective requires its division into the following specic
objectives:
1. To deploy practical experiences that involves the use of IMS Learning Design in real
courses. Such experiences will characterise the life-cycle of IMS LD courses and will
also identify the benets and drawbacks of the specication.
2. To identify the characteristics of IMS LD that should be also provided by an exten-
sion of the specication. The support for the identied characteristics would set the
functional requirements of the framework proposed in this dissertation.
3. To identify the implications of third-party service integration in the course life-cycle
of IMS LD scripted courses. The proposed framework will dene the behaviour the
supporting software in the authoring, deployment and enactment of learning courses.
4. To identify authentication issues of the interaction of IMS LD courses with the third-
party services regarding the programmatic access to user's information. The analysis
of the problem will consider security and privacy issues regarding the bidirectional
exchange of information.
5. To propose a vocabulary to include third-party services during course authoring. The
vocabulary will be conceived as an extension of the original IMS LD data model and
will allow its inclusion in the course manifest with a minimum impact on the rest of
the course denition.
6. To propose an architecture that enables the implementation of the proposed frame-
work in existing IMS LD players. The architecture will be pluggable with service
adapters, that provide support for specic third-party tools. The model will enable
quick development of new service adapters.
7. To provide an implementation of the proposed framework in an existing player. This
specic objective includes the development of service adapters that validate the model
and enable experimental usage of the software.
8. To deploy practical experiences of use where the model can be validated in real situ-
ations. The analysis of such experiences will be focused on assessing to what extent
the requirements identied in the specic objective number 2 are accomplished.
1.3 Research methodology
The work done in this dissertation belongs to the eld of technology enhanced learning. In
particular, it focuses on making technology useful in learning scenarios. The main objective
is the denition of a framework that enables the integration of third-party tools in scripted
learning courses with a exible enactment. The research is, therefore, an engineering re-
search and the used methodology must be understood as such. According to [9], engineering
research methodology (which has been followed in the presented work) is composed of the
following four steps:
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Information phase. The goal of this rst step is to identify the existing characteristics of
the problem domain and to clearly state the subject under research. This phase usually
consist in the revision of the existing literature. In this dissertation, the information
has been gathered from the following sources:
 The review of the literature provided a theoretical background of the problem
domain and the existing work in the eld.
 The identication of research groups working in similar problems enriched the dis-
cussions of the matter, with the participation in workshops, and the development
of coordinated eld experiences.
 The few number of documented practical cases of study in the research eld
suggested the development of experiences that contributed to the literature with
empiric knowledge of the problem domain.
Denition phase. The information gathered from the previous phase results in the deni-
tion of a solution that overcomes the limitations presented in the existing alternatives.
In this dissertation, such solution consists in a framework that enables the integra-
tion of third-party tools in scripted learning courses and provides exibility during
the course enactment. The denition of the proposal emphasises its interoperability,
allowing its implementation in any exiting IMS LD player.
Implementation phase. The implementation of the proposal assesses its practical feasi-
bility and allows the deployment of case studies oriented towards the validation of the
proposed model. The framework proposed in this dissertation has been implemented
in GRAIL [10] and it has been published under open source license.
Validation phase. The last step of the applied methodology is the denition and deploy-
ment of experiments that evaluate the validity of the proposal, in order to show and
document how the proposed solution overcomes the limitations identied in the infor-
mation phase.
The experimental phase of this dissertation consisted in the deployment and later
study of three cases of study that used the proposed framework in dierent scenarios.
The experiences were analysed with a mixed evaluation method [11] that combines
qualitative and quantitative analysis of the results.
1.4 Structure of this document
After this introduction, Chapter 2 provides an overview of the use of Web technologies for
educational purposes. The goal of the chapter is to provide a background on the history,
current situation, and trends of the research area. Such overview contextualises the concept
of scripted courses and helps on the understanding of the need of tool integration. The
chapter also presents the standardisation eorts in the eld of e-learning and the most
successful initiatives.
The third Chapter focuses on the state of the art regarding IMS Learning Design speci-
cation. First, the need of scripted orchestration methods is discussed with the denition of
instructional design techniques and their application in student-centred learning paradigms.
Then, the characteristics of IMS LD and its supporting software are presented. The chapter
nalises with a review of the most relevant uses of IMS LD, with special focus on the service
integration problem.
Chapter 4 details the software platform that hosted the implementation and experiences
done in this dissertation. The chapter oers some background of the decissions that resulted
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in the implementation of GRAIL and the election of the .LRN platform. The technical
description of the software is completed with a description of the exibility concept and the
features oered by GRAIL oriented towards improving the exibility of learning courses.
Generic Service Integration is presented in Chapter 5 as a framework that provides IMS
LD with support of the integration of third-party tools. First, the proposal is presented
including the dened architecture and its interaction with the IMS LD framework. Then,
the impact of GSI in the course life-cycle is discussed. Identity and authentication issues
are an important element of the proposed framework, so the problem statement and the
proposed solution are detailed in the text. Finally, the chapter presents the details of the
implementation developed as part of GRAIL.
The experiences presented in Chapter 6 correspond to the rst part of the methodology:
the information phase. The described experiences were taken in prior to the denition
of GSI and provided expertise in the eld. There are three presented experiences: the
rst one regards course authoring and the expressiveness of the specication; the second one
focuses on the deployment and enactment of complex collaborative learning ows in distance
scenarios; nally, the third experience is the development of a proof of concept that relates
orchestration of learning activities with a ner grained orchestration provided by specialised
tools.
The experiences that evaluate the validity of the proposed framework are presented
in Chapter 7. The experiences are three cases of study aimed at the evaluation of specic
characteristics of GSI. The rst case of study analyses the technical feasibility of the approach
and how the instructors understands the model. The second experience studies the support
oered by GSI in the deployment of traditional learning models. The support of innovative
scenarios that uses dierent technologies in dierent spatial locations is analysed in the last
presented experience.
Finally, Chapter 8 draws the conclusions of the dissertation, summarises the most rele-
vant contributions, and state guidelines for future research in the eld.
Chapter 2
Web Based Tools in the context
of e-learning
Web 2.0 is not a technological
revolution, it is a social revolution
Stephen Downes
2.1 Introduction
The wide adoption of the World Wide Web caused a shift in the way we exchange informa-
tion. With the Web, people can instantly access to an ever increasing catalogue of content,
but they can also produce this content or interact with peers with sophisticated communi-
cation tools. Such communication can be synchronous or asynchronous, text or multimedia
based, etc. The large number of possible combinations results in innovative applications in
very dierent elds.
In education, the use of Web technologies to scaold learning courses is usually referred
as e-learning. The boundaries of what is and what is not e-learning are not easily dened
since e-learning can range from self-paced online tutorials to instructor-led graduate courses
at a university. The denition of e-learning is not limited by specic technologies or current
delivery systems [12]. What is clear is that the availability of new technologies is reected
in their educational applications.
In the very beginning of the Web, the diculty of publishing content leaded e-learning
to a content-producer/content-consumer paradigm, where the material was created and
published by educational institutions and the learners received and studied such content.
With Web 2.0 tools, the learners are enabled to produce and to interact with peers. In
order to produce eective learning, such interactions require to be orchestrated so that the
activities gain a pedagogical sense.
The active participation of the learners and the personalisation capabilities of the Web
2.0 lead e-learning to a scenario where it is the learner who decides what to learn and how
to learn it. Following this trend, the Personal Learning Environment (PLE) is a rising idea
that is gaining acceptance among e-learning researchers [13, 14]. The PLE is an environ-
ment where the user has a total control of the learning process and all the tools, activities,
communities of practice, etc. are chosen by the learner itself. Still under debate, the idea
of a PLE shows the direction of future e-learning developments [15].
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The evolution of e-learning has stimulated the standardisation bodies in the denition
of models that provide enough expressiveness to satisfy the need of educational models and
promote interoperability of learning courses. The goal is to create a widely accepted frame-
work that enables an ecient exchange of e-learning material. As an example, the SCORM
model is widely adopted to deploy courses in learning platforms. However, standardisation
is dicult in a scenario where new functionalities are continuously appearing.
This dissertation explores and proposes orchestration methods for Web 2.0 based activ-
ities. It is therefore needed, in order to understand the e-learning trends, to provide some
background on the evolution of e-learning technologies and their impact on the educational
eld. This chapter summarises some of the most relevant topics in the area and it is or-
ganised as follows: rst, the evolution of Web based learning technologies is presented in
Section 2.2. The concept of Personal Learning Environment is presented in Section 2.3 to
exemplify current e-learning trends. Finally, Section 2.4 provides an overview of the existing
standardisation eorts in the eld of e-learning.
2.2 The Web and the learning process
Since the very early years of the Web, it has been used as a mean to deliver content in
distance situations. The technical skills required to publish content led the learning usage
of the Web to follow a content-producer/content-consumer paradigm. One step forward
was the development of Learning Management Systems, that oer easier methods to create
content. The so called Web 2.0 allows all users to produce, publish, receive and give feedback.
Educational models take advantage of the existing Web tools and allow new interacting
methods among course participants. The path opened by this new learning paradigm is still
to be explored, but the initial results are promising. This section presents how the Web is
being used in education and where the research is leading us.
2.2.1 Learning Management Systems
The management of information in learning courses involves certain tasks that can be ac-
complished into what is usually called a Learning Management System (LMS). A LMS is
a software that centralises the administration and delivery of learning courses. This type
of systems is referred in the literature as Content Management Systems, Learning Content
Management Systems, Virtual Learning Environments, Course Management Systems and
so on. All these systems essentially share the same functionality and it is dicult to classify
them. In this text they are referred as LMS.
There is a wide market of proprietary and open-source solutions. Well known alternatives
are WebCT, Blackboard, Moodle or Sakai. Some examples of the complete list, which is
much wider than that, can be found at [16]. The 80% of the current market (at least in
the United States) is dominated by WebCT, Blackboard and Moodle [17, 18]. According
to [19], LMS can be benchmarked with following parameters:
 Institutional support
 Course development
 Teaching and learning
 Course structure
 Student support
 Faculty support
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 Evaluation and assessment
Educational institutions have widely adopted LMSs to deliver distance and blended
courses. These platforms are also used to improve the learning experience in traditional
courses. Actually, LMSs are used three times more often for technology-enhanced tradi-
tional courses than for online courses [20].
A characteristic in LMSs is the centralisation of tools and functionalities in a single
platform. This fact prevents learners and instructors to use their preferred Web 2.0 tools to
interact with content. For example, they cannot use Flickr to share images because the LMS
provides a tool with similar functionality. Next subsection explains that the very potential
of Web 2.0 lies in the amount of users that use the same tool instead on the provided
functionality.
2.2.2 Web 2.0 tools and e-learning
According to the Bloom's Taxonomy [21], knowledge is acquired at dierent incremental
levels. Learning at a given level implies the acquisition of the knowledge from previous levels.
The model proposed by Bloom allows instructors designing more eective material oriented
towards the achievement of certain objectives. Each of the six dened levels (knowledge,
comprehension, application, analysis, synthesis and evaluation) can be reached with dierent
activities. For example, the analysis skill can be acquired through the creation of conceptual
mindmaps or writing an abstract.
The Bloom's Taxonomy, proposed in 1956, is far from being an obsolete model. The
arrival of new tools increases the number of available learning activities and it is possible to
establish a relationship among these new activities and the dierent levels of the taxonomy.
This is precisely the objective of [22], which analyses to which level corresponds each of the
tools of the digital era.
The availability of new tools means more than a complement to the existing ones. The
Web 2.0 has impacted our everyday life in the same way as it is doing with education. The
work presented by [7, 8] analyses what the big ideas of Web 2.0 are, which can be summarised
as follows:
 The most successful tools are those whose functionality is rather simple and that has
been clearly dened. For example: Flickr stores photos and allows sharing them.
 User interfaces are simple and, more important, agile. Web based tools are as fast (if
good Internet connection is available) as desktop tools, but do not need to be installed.
 A service is more useful the more users it has. Thus, there is no emphasis on better
functionality aimed at the individuals, but on a better usage of users' contributions so
the community can perceive the added value.
Internet users have reacted to the new technology with a shift on the demand. The
old Web was only readable, Web 2.0 is a read-write Web and, where content was expected,
now users ask for the chance of participation. The passive attitude of content readers has
turned into an active behaviour where users want to publish their own content, comment on
other's and receive instant comments. In the Web 2.0, where reactions are immediate, the
community is the content producer and the large amount of available tools is the platform
that supports the interactions.
The ideas of the Web 2.0 t in the constructivist theories: the knowledge is not trans-
ferred; it is built inside the learners' brain thanks to the interactions with the content and
other learners. That is, the e-learning (mostly based on content delivery and consumption)
has an opportunity to become e-learning 2.0 [23].
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As analysed in [24], the use of Web 2.0 tools in the context of e-learning has well stated
pedagogical principles. Current research is very active in the exploration of the impact of
Web 2.0 in learning methods. An example of such abundance is [25], that applies wikis and
blogs in the scaolding of a problem based learning activity, or [26], that identies the main
characteristics of wikis, blogs and forums and assess the implications of those characteristics.
Another example is the work presented in [27], that analyses the impact on learning and
cognitive style of using blogs and podcasts on a programming course.
Web 2.0 suers a constant improvement and the most recent applications are waiting to
be incorporated into learning models. Despite all the eort on understanding how e-learning
2.0 can be applied in real education, there still are important drawbacks to overcome and
more research is required in the eld. One of the identied drawbacks is described as follows:
the emphasis of self-guided activity promoted by the Web 2.0, but studies have shown that
students rarely develop explicit learning strategies on their own [28] and there is still the
need of tutors to make the most of the learning process. That is, there is a need for an
orchestration method for the sequentiation of Web 2.0 based activities.
2.2.3 Social Networks
The interactive nature of the Web 2.0 the base of its success. Interaction appear at dif-
ferent levels: rst, the learners interact with the learning material; second, the learners
interact among themselves. This social interaction is one of the most relevant factors of
the widespread adoption of Web 2.0 tools. Social software, which can be broadly dened
as tools and environments that supports activities in digital social networks [29], allows
Internet users to easily form communities and share common interests.
The membership in social networks is self-selected (the user decides if he/she enters the
network or not), and the network is self-organised. The educational application of social
networks suggests that learners can lead their own learning interests and that there are
easy networking methods that allow to share experiences, knowledge and activities in an
eective way. This is, therefore, an active matter of research, as shown in the literature
review presented in [30, 31, 32].
Learning communities are enriched by the participation of the individuals. However, the
interaction is not always as spontaneous as it could be desired. As explained in [29] individ-
uals participation can be motivated by four major reasons: personal access, the information
oered to a user is more personalised the more active the user behaves; personal reputation,
when the user can increase his/her inuence and visibility on the community; social altru-
ism, if the user perceives his/her contributions as a 'public good'; tangible rewards, when
the user's participation is motivated by the possibility of obtaining a prize, high grades in
the case of formal learning.
With social software, it is easy to form teams whose members will collaborate to develop
a task. A common problem in education is how to select the best peers for each team. Social
networks hold large amounts of information that can be used for teams' formation. Just as
an example of current proposals, the works presented in [33, 34] are based on agents running
in background to detect subjects the user is interested in. A deeper study on the eld can
be found at [30].
Social software oers the opportunity to enrich learning activities in several ways. How-
ever, it also presents some drawbacks that hinder the eective use of Web 2.0 tools in
e-leanring. For example, the more tools they use, the more dicult to track students inter-
actions. It is very common, in studies of learners interactions during a course, to nd that
the authors states that \the number of entries could not truly reect the activeness of a
group, which might prefer other means of communication" [35]. Due to the large amount of
existing alternatives for an eective interaction, the diculty of tracking students' interac-
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tions is a problem that aects the evaluation process. It is needed a trade-o between free
interactions and traceability of the process, which is in any case, dicult to achieve.
Another problem is the lack of reusability of Web 2.0 based courses. That is, communities
are willing to participate in new activities or discussions, but they usually refuse to repeat
already performed ones. When a certain topic has already been discussed in a forum, any
attempt to reopen the discussion will be redirected to the archived posts. However, a better
learning would require the learners to be involved in the discussion, instead accessing the
nal result. A hypothetical course that requires the interaction with experts in a eld will
be dicult to be reused. This fact hinders the reusability (whose relevance is discussed
in Section 2.4.1) of learning activities based on the interaction with already established
communities. However, this is not always true: the expected interaction level has been
successfully gathered in subjects such as second language learning [24]. This suggests that
the reusability of courseware is activity and eld dependant.
The application of social software in the design and enactment of learning activities is
a promising method in the Computer Supported Collaborative Learning (CSCL) eld of
study.
2.2.4 Virtual worlds
The interaction-among-peers principle that prevails in the Web 2.0 is also present in 3D
virtual worlds, such as Second Life [36]. Represented by avatars, which usually are human-
shaped animations, users interactions imitate real world ones, allowing more creativity,
freedom and innovation, and are fertile ground for all human endeavours (socialisation,
recreation, creative/artistic expression, commerce, and learning) [37]. Virtual worlds are
also immersive worlds. That is, users are aware of their presence in the world and this fact
impacts on the aective, empathic and motivational aspects of the experience.
Virtual worlds provide a shared, realistic, and immersive space where users, by means
of their avatars can explore, interact, and modify the world, in addition to communicate
and collaborate with other users in both synchronous and asynchronous ways [38]. The
ecosystems hosted by virtual worlds have several characteristics that make them suitable to
develop eective learning experiences:
First, they enable learning experiences to be contextualized. The situated learning ap-
proach [39] can be deployed in virtual worlds. For example, in [40] the learning is supported
by virtual eld trips that allow learners to visualise the process and the result of building
production plants. Those trips would not be possible otherwise because of their high cost,
but are easy to perform in virtual worlds.
Simulations are a dierent perspective of eld trips. While the real world is limited by the
laws of Physics, virtual worlds can break the rules: eld trips into the human body, changes
in gravity parameters and so on. Experimentation through simulation can be enriched with
virtual worlds
Another interesting characteristic for learning is that 3D virtual worlds allow the expo-
sure to the authentic culture. For example, [38] uses Wonderland [41] to recreate emblematic
places of Madrid in order to contextualize the learning of Spanish as a second language. This
work also exploits communication characteristics of virtual worlds, so the learners train writ-
ing, reading, listening and speaking skills by interacting with the dierent elements of the
world and with peers.
It is also interesting to explore the interaction between the real and the virtual worlds.
In the experience presented in [40], a lecture in the University of Hamburg can be attended
both in the classroom and in Second Life. The conguration of the real and virtual lecture
was in such a way that all students were aware of the presence of the 'other world', and
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interaction among all participants was enabled. This type of settings opens the door for new
methods of distance education.
Unlike massively multiplayer online games, avatars in virtual worlds such as Second Life
are not assuming any role and they do not have a clearly dened task to perform. The
consequence is that users have to build their own history. The good view is that learners
can lead their own learning, as dictated by constructivist theories. On the contrary, users
usually felt lost without an objective to accomplish and they left the world. Instructional
design techniques would be required in order to engage participants in the activity and thus
achieving narrative immersion.
2.3 Personal Learning Environments
Due to the high adoption level of LMS, it can be said that this is the dominant design
in Web based learning. The LMS is powerful for formal, institutionally-mediated learning.
However, they are too rigid for informal learning, whose intrinsic characteristics suggest a
more exible and personalizable environment.
In the context of informal learning, a relatively new concept is gaining the attention of
the researchers' community. This concept is the Personal Learning Environment (PLE).
The big idea around the PLE is to allow learners to customise their environments to their
ner grain details so they can learn in a self-created space where they choose the topics of
interest.
What is a PLE is still under debate. It is commonly agreed that the PLE is not a
software, but requires software support. Most of the approaches to the concept are related
to the use of Web 2.0 tools. Due to its relationship with the Web, this section introduces
the concept of PLEs and how current research is facing its prototyping.
2.3.1 History
According to [15], the rst approach to the concept without mentioning its name is the Future
Learning Environment, a work presented in 1998 by the Media Lab in Helsinki, which is
a server based environment that supports learner and group centred work. The PLE term
was rst mentioned and discussed in an unpublished work [42] of the JISC/CETIS centre.
The term acquired some relevance and it featured as session topic in the JISC/CETIS
conference in 2004. The development of prototypes for the idea started a year later and the
earlier publications discussing the PLE concept appeared in 2006 [13, 14].
At the date of the writing of this dissertation, ideas about PLEs are still forming, and the
literature reveals an increasing interest on the concept, while future guidelines are still not
clear: some works claims that more theoretical discussion is required to set the basis of the
proposal and the requirements of an implementation [15], while other initiatives consider
the concept mature enough to be related with existing technologies such as ubiquitous
computing [43].
2.3.2 Characteristics
The development of Personal Learning Environments is motivated by the needs of life-long
learners to operate with systems that are under the control of the learners themselves, and
not by institutions, while personal information and conguration can be maintained across
institutions. Therefore, the construction of PLEs is focused on the acquisition of learner-
centred systems that can be connected with other -institutional or not- systems.
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The denition of Atwell [44] is related to lifelong learning, social learning and informal
learning. A PLE is dened as \a technological environment constructed by an individual
and used in everyday life". The PLE is not restricted to be used in front of the computer and
can take advantage of ubiquitous computing, via mobiles phones for example. Furthermore,
PLEs can be used in dierent contexts, allowing to bring together various types of learning
such as self-motivated learning, school learning, workplace learning and so on. In short, it
can embrace all formal and informal learning [15].
The concept of PLE is usually introduced as an alternative of LMSs. However, these two
systems are not necessarily incompatible. Both systems can live together and complement
each other. The following text summarises the description of the PLE given at [13], where
the comparation with LMSs is used as a vehicle to introduce the ideas around the PLE.
Table 2.1 depicts a summary of these ideas, explained as follows:
Use of tools. The PLE coordinates the use of several tools in a single environment, while
these tools are used in their context. Instead of using tools from a single provider,
learners can select their preferred tools and create a context to use them. In LMSs,
tools and content are institutionally integrated as part of a course.
Permissions. According to the Web 2.0 principles, the verbs in the PLE are \consume"
and \produce". All learners can participate in activities and coordinate them, because
all of them have the same permissions. Such horizontal distribution of participants
does not appear in LMSs, where teachers have privileges over students.
Interface. While the LMS oers the same interface (apart from personalisation options)
to all learners, the PLE is fully self-congured. Each learner is dierent and has a
dierent view of the learning environment. Learners are responsible of their learning
and also of their environment.
Tools Integration. From an institutional perspective, integration with third-party tools
requires the use of open standards that ensures interoperability. However, such req-
uisite reduces the number of integrable tools and thus the number of potential users.
PLEs use open standards, but do not close the door to proprietary APIs.
Rights. Sharing content is sharing knowledge. Learners consume and produce open and
unstructured content which does not t with formalism such as learning objects. In
the PLE, learners can create playlists of their preferred content and share them, as in
the Web 2.0.
Scope. What happens in the LMS, stays in the LMS. Institutional systems are rarely
connected with other platforms and the interactions that occur in such platforms have
a limited scope in terms of time and repercussion. On the contrary, the activity in
the PLE is open to Web 2.0 tools and the interactions may occur with any other
participant in the world, and can be revised time after they have concluded.
All above denitions draw the PLE as software tool. However, the term \environment"
reects that the PLE goes beyond the software and states about ubiquitous computing,
ubiquitous learning. The content of the PLE grow with the learner activity, no matter if
this activity in is a computer mediated task of an activity of the physic world.
Since the rst use of the term until now, there is no formal denition for PLEs and the
subject is still a debate. What is clear is that PLEs allow learners to select their topics
of interest, sources of information, tools to access and create content and, in short, take
the control of their own learning in an active manner. PLEs are therefore tools enabled to
support constructivist theories of learning.
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Learning management System Personal Learning Environment
Tools and content integration within a course Tools to connect user and content
Asymmetric relationships Symmetric relationships
Homogeneous experience Individualised context
Open standards Open standards and proprietary APIs
Access control Open content
Organisational scope Personal and global scope
Table 2.1: Characteristics of the PLE as an alternative to the LMS.
2.3.3 Adoption
The PLE is a very promising concept, but it is still a concept. In other words, most
applications are prototypes that allow to test the concept and develop experiences of use,
but not really ready to be adopted by real users. A good compilation of PLE architectures
is presented in the Edutech Wiki [45].
There exists tools such as Colloquia [46] and Fle3 [47] constructed upon a learner-centred
or group-centred approach and somehow follow the principles of the PLE. Both tools have
been used by real users but, in both cases, their development was made before the term
PLE was introduced.
The literature shows an upcoming interest on the creation of PLE. For example, PLEX
is a desktop tool developed at CETIS that allows managing people, activities and resources.
The work presented in [43] explores how ubiquitous computing is related with this type of
learning environments, but no actual prototype is presented. Most of the ongoing imple-
mentation establishes a relationship between the Web 2.0 and PLEs [48, 49, 50].
Mash ups
The Web 2.0 and the PLE meet in the so called mash ups, which are compositions of already
available tools that provide more functionality that the single use of the composing tools.
In mash ups, services are integrated by their functionality. That is, the output of a
service is used as the input of another one. There are thousands of available Web mash ups
following this approach [51], some of them focused on education. There exist also mash up
factories such as Yahoo Pipes, that allow end users to build their own mash ups.
From a dierent perspective, services can be aggregated and accessed from a common
interface, being their functionality comprised in widgets. Examples of such approach are
iGoogle, Netvibes and Pageakes.
From an educational perspective, mash up factories and widget-based mashups allow
learners to easily construct an interface composed by their frequently used tools. As argued
in [52], mash ups are a promising approach to construct PLEs. The relevance and upcoming
interest of mash ups in education is evident with the recent appearance of dedicated special
issues in journals [53] and workshops in conferences [54].
2.4 e-learning Standards
Learning technologies are quickly evolving and the number of available tools is also rapidly
growing. In an emergent market such as the Web 2.0, vendors attempt to acquired the
leading position and, therefore, make their own format to be considered as the de facto
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standard. In such scenario, reusability of courseware, when possible, has a great cost. This
section analyses the existing groups and initiatives working for the standardisation of e-
learning formats and methods.
2.4.1 Reusability
Functionalities oered by learning management systems go beyond the educational pur-
pose and are also administrative tools integrated in the institutions. On the other hand,
Sections 2.2 and 2.3 state that the trend in learning systems is the distribution of the func-
tionality among dierent providers, specialised in a specic tool.
Such amount of learning tools suggests the need of reusability of content. Otherwise,
eective courseware would only be able to be deployed in a very specic platform and the
spectrum of potential users is then reduced. Furthermore, information exchange among
dierent vendors requires the agreement of a common format or a big expense in the adap-
tation of the material. In order to maximise eectiveness, high quality courseware is worth
to be reused. The concept of learning object aims at the composition of courseware through
the composition of smaller, eective parts. The lack of a common format to store learning
objects is a barrier for the productivity of courseware creation.
The goal of standardisation organisms is to reach agreement among vendors in common
formats and methods to produce and deliver e-learning, so the reusability and interoperabil-
ity of courseware is maximised and the benet of e-learning systems can be increased. The
relevance of standards has been argued in [55, 56].
2.4.2 Specications and standards
Sometimes misused and confused, it is important to note the dierence between a standard
and a specication. ISO/IEC Guide 2:1996, denition 3.2 denes a standard as \A document
established by consensus and approved by a recognised body that provides for common and
repeated use, rules, guidelines or characteristics for activities or their results, aimed at the
achievement of the optimum degree of order in a given context". The specication, on the
contrary, has not been ratied by any organism of institution and, with enough support of
institutions; it is used in a provisional way.
A specication is created in order to overcome a detected problem in a given context.
When the specication is formalised with the corresponding document, it starts being used
and the activity around it results in new revisions of the specication so it is better adjusted
to the real scenario. Then, standardisation bodies ratify the specication and then the
proposal becomes a standard (Figure 2.1).
The standardisation process is long. Meanwhile, specications are used and, when the
gain enough recognition, usually referred as de facto standards or simply standards. Cur-
rently there are few recognised standards in the eld of e-learning, but there is an intense
activity in organisations that develop e-learning specications.
2.4.3 IMS Global Learning Consortium
The IMS Global Learning Consortium (IMS) appeared in 1995 with focus on higher edu-
cation scenarios. However, all the specications published since then have a general scope
and can be applied in a wide range of contexts. The consortium is a non-prot organisation
oriented towards a worldwide adoption of learning technologies through the publication of
specications that promote interoperability among systems and reusability of content.
The acronym IMS originally stood for Instructional Management Systems, but over
time the consortium realized that these terms did not reect the actual eld of study of the
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Figure 2.1: A model for standards evolution.
initiative. As a result, they recommend to be referred as IMS Global Learning Consortium,
or simply IMS, without using the complete name.
The IMS is supported by more than 190 organisations that come from dierent sectors
such as educational institutions, software vendors, content providers, government agencies
and other consortia.
Since its creation, a large number of specications have been published under the um-
brella of IMS, and all of them can be accessed through the Web [57]. The specications
proposed by the IMS cover a wide range of aspects in the e-learning and have a great impact
on the research community. Many of the IMS specications have been adopted as the de
facto standard (IMS CP, IMS LD, IMS QTI) and they are often used as part of other rec-
ommendations as in the case of SCORM. The IMS consortium is currently pushing the use
of Common Cartdrige as a more powerful alternative for SCORM. An overview of current
IMS specications can be viewed in Table 2.2.
2.4.4 Aviation Industry Computer-Based Training Committee
The Aviation Industry Computer-Based Training Committee (AICC) [58] was created in
1988 and provides guidelines for the production and delivery of computer-based training.
The guidelines oered by this organisation have a general purpose, so they are not limited
to be used in aviation.
The most relevant of the AICC specications, AICC/CMI, provides interoperability for
Computer Managed Instruction Systems. It was rst developed in 1993 for CD-delivered
courseware and has been updated in 1998 and 1999 so that it is now oriented to HTTP-
based courses. The last release includes a JavaScript API that allows courseware to interact
with the learning management system. Some of the concepts dened by CMI were used
for the SCORM specication, and it is the latter which has received more attention but, in
several aspects, CMI and SCORM are very similar.
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IMS specication Date Brief description
IMS Basic Learning Tools
Interoperability
May, 2010 Allow remote tools and content to be inte-
grated in a LMS
IMS Access For All May, 2010 Meet the needs of learners with disabilities
and anyone who is disabled by their context
IMS GLC Common Car-
tridge
Oct, 2008 Package and describe learning material (con-
tent, assessment, rights, etc.)
IMS Meta-data Aug, 2006 Denes the attributes required to describe
learning objects
IMS Tools Interoperabil-
ity Guidelines
Mar, 2006 Allow remote tools and content to be inte-
grated in a LMS
IMS General Web Services Jan, 2006 Promotes interoperability for Web service
based specication implementation.
IMS ePortfolio Jul, 2005 Provides interoperability of ePortfolios
among platforms.
IMS Question and Test In-
teroperability
Jan, 2005 Provides proposed standard XML language
for describing questions and tests.
IMS Learner Information
Package
Jan, 2005 Provides interoperability of user proles
among platforms.
IMS Content Packaging Nov, 2004 Describes data structures that can be used
to exchange data between systems.
IMS Resource List Inter-
operability
Aug, 2004 Details how structured meta-data can be ex-
changed between systems.
IMS Enterprise Services Aug, 2004 Denes how systems manage the exchange
of information that describes people, groups
and memberships within the context of e-
learning
IMS Shareable State Per-
sistence
Jul, 2004 Enables the storage of and shared access to
state information between content objects.
IMS Vocabulary Deni-
tion Exchange
Mar, 2004 Denes a grammar for the exchange of value
lists.
IMS Simple Sequencing Mar, 2003 Denes a method so that any learning tech-
nology system can sequence discrete learning
activities in a consistent way
IMS Learning Design Feb, 2003 Provides a model for the dierent elements
of a Unit of Learning (see Chapter 3)
IMS Digital Repositories
Specication
Jan, 2003 Provide recommendations for the interoper-
ation of the most common repository func-
tions.
IMS Reusable Denition
of Competency or Educa-
tional Objective
Oct, 2002 Provides a means to create common under-
standings of competencies.
Table 2.2: Summary of IMS GLC specications.
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2.4.5 Advanced Distributed Learning
The Department of Defence of the United States of America was interested on providing on-
demand training for individuals worldwide. In 1997, they created the Advanced Distributed
Learning initiative (ADL) [59] with the following specic goals:
 Identify and recommend standards for training software and associated services pur-
chased by Federal agencies and contractors.
 Facilitate and accelerate the development of key technical training standards in indus-
try and in standards-development organisations.
 Establish guidelines on the use of standards and provide a mechanism to assist DoD and
other Federal agencies in the large-scale development, implementation, and assessment
of interoperable and reusable learning systems.
The main contribution of ADL is the Sharable Content Object Reference Model
(SCORM) [60]. SCORM denes how courseware has to be interpreted and delivered to
users by learning management systems. SCORM uses specications dened by other or-
ganisms, especially IMS, and organises them so that their integration oers a system where
learning can be created, delivered and reused in an eective way.
Based on XML, SCORM uses IMS Content Packaging to store and deliver content.
Support for metadata is provided through the use of the IEEE Learning Object Metadata
specication and runtime communication with the Learning Management System can be
performed using a JavaScript API, which is similar to the one dened in AICC/CMI. The
last revision of the reference model is SCORM2004, which includes sequencing capabilities
by means of IMS Simple Sequencing.
2.4.6 IEEE Learning Technology Standards Committee
The Institute of Electrical and Electronics Engineers or IEEE is a non-prot organisation
that oers information, resources and services to the engineering community. As part of
the IEEE, the Learning Technology Standards Committee (LTSC) was created to develop
accredited technical standards, recommended practices, and guides for learning technology.
Currently, the IEEE LTSC has ve active working groups:
 Digital Rights Expression Languages
 Computer Managed Instruction
 Learning Object Metadata
 Resource Aggregation Models for Learning
 Competency Data Standards
Among the accredited standards developed by IEEE LTSC, the most relevant is the
IEEE Learning Object Metadata (LOM), which denes the attributes required to eectively
describe digital and non-digital learning objects. The standard includes a XML binding of
the model that enables its use as part of wider scope recommendations such as SCORM or
IMS Learning Design. an XML binding of the model that enables its use as part of wider
scope recommendations such as SCORM or IMS Learning Design.
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2.4.7 Open Knowledge Initiative
As stated in Sections 2.2 and 2.3, current trend in learning systems is the creation of dis-
tributed environments where the learning management system is in fact an aggregation of
modules provided by dierent vendors. The Open Knowledge Initiative (OKI) [61] recog-
nised such relevance of distributed services and proposes a framework where the components
of software environments communicate with each other, and with other enterprise systems.
The OKI initiative is based on the Service Oriented Architecture (SOA) and provides
software interfaces, called Open Service Interface Denitions (OSIDs) that dene the logical
services oered by Learning Management Systems. Through the use of OSIDs, applications
can be constructed independently of any particular service environment, and integrated in
several wider-scope systems. OSIDs contracts are implemented using Simple Object Access
Protocol and Web Services Description Language.
2.4.8 CEN Workshop on Learning Technologies
Since it's conception in 1999, The CEN Workshop on Learning Technologies (CEN WSLT)
has contributed to the eective adoption of learning specications and standars. The objec-
tives of the Workshop are [62]:
 Encouraging participation in global initiatives in order to ensure that diverse European
requirements are properly addressed by those global initiatives.
 Creating specications, agreements, guidelines or recommendations where appropriate.
 Providing a forum for the development and implementation of requirements-driven
Learning Technologies.
 Carefully examining and taking into account the various eects on learning and train-
ing technology standards which are due to the diversity of cultural backgrounds and
languages that exists within Europe.
 Publicizing the Learning Technologies Workshop's activities and results to Relevant
European projects, Technology developers and end users.
 Providing a forum for discussion for European project initiatives.
2.5 Conclusions
With the goal of providing an overview of the history, present and trends, this chapter
summarises the state of the art regarding the use of the World Wide Web in education.
In the early years of the Web, it was used to deliver content in distance scenarios, being
the content produced by institutions and consumed by learners. However, the easy content
production methods enabled by Web 2.0 tools allows learners to start producing content at
the time that interaction among peers is encouraged by the technology. These new aor-
dances make possible to introduce constructivist learning models in distance scenarios where
the learner's activity is the central element of the course. The student-centred paradigm
suggests the adaptation of the learning material according to the learner preferences, and
also encourages the adoption of learning platforms where the learner is able to personalise
the content and the environment at their very detail. Thus, the idea of PLE is gaining
acceptance in the research community.
Standardisation bodies such as ADL or IMS promote the adoption of common formats
that provide reusability to learning material and therefore increase the eciency of content
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creation and delivery. The standardisation initiatives specify how to proceed with content
packaging and distribution (SCORM, IMS CP), reusable denition of instructional design
ows (IMS SS, IMS LD), assessment (IMS QTI) or learners' prole denition (IMS LIP),
just to mention few.
The review of the literature presented in this chapter shows that there are two main
problems in the use of Web 2.0 to eectively support student-centred courses. First, the lack
of standardisation of the process drives to a scenario where learning material can be hardly
reused. The consequence is that the cost of course creation is too high to be aordable
by institutions. Second, the activities require to be orchestrated in order to be learning
activities. However, there is no expressive enough method to provide such orchestration
of Web 2.0 based activities. The work presented in this dissertation attempts to overcome
these limitations with the denition of an orchestration method that extends IMS LD to
integrate Web based tools.
Chapter 3
Capturing the structure of a
learning experience
The art of being wise is the art of
knowing what to overlook.
William James
3.1 Introduction
Learning is not a mere observation of knowledge. According to modern theories, an eective
knowledge acquisition consists in the relationship among learners, knowledge and activities.
Knowledge based paradigms then need to be replaced by activity based ones, where all the
elements involved in the course (tutors, learners, learning objects, tools, activities, artefacts,
etc.) are coordinated in order to eectively produce learning.
The coordination of all course elements, called orchestration, has a great design cost that
is worth to be reused more than once. The educational modelling languages appear as a way
to formalize learning ows with the aim of achieving reusability. A review of the existing
modelling languages is given in Section 3.6.1. Among the existing languages, IMS Learning
Design (IMS LD) is the framework for the design and deploy of learning courses that has
received more attention from the research community.
Due to its various meanings, it is very common to be confused on the use of the term
\learning design". It sometimes refers the process of creating and enacting courses according
to instructional design models, and some other times refers the specication adopted by the
IMS Global Learning Consortium as the framework to create, package and deploy learning
courses. For the purpose of this document, the specication will be referred as IMS Learning
Design (with capital letters) or IMS LD, while the course creation process will be called
learning design.
Taking the constructivist theories as underlying paradigm, IMS LD has a pedagogically
neutral design. That is, it can express any activity based learning method. However, it
emphasizes the support for collaborative learning processes and the creation of adaptive
content. The low level of adoption of IMS LD contrasts with the intensive research focused
on the exploration of the limits of the specication. The drawbacks of the specication are
also under study, with the result of the proposal of new extensions intended to overcome
them and increase the adoption level.
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This chapter gives an overview of the current IMS LD related research. First, as an
introduction for the topic, Section 3.2 introduces the theories that support activity based
learning and instructional design, as the underlying model of modelling languages in general
and the IMS LD specication in particular. Then, Section 3.3 describes the technical details
of the specication: its goals, conceptual model and the existing supporting software in the
course life-cycle. Current research and experiences of use related to IMS LD are summarized
in Section 3.4. Finally, the existing proposals to integrate the specication with other
standards and/or tools are depicted in Section 3.5, while other initiatives that extend or
replace IMS LD are compiled in Section 3.6.
3.2 Learning activities orchestration
The enactment of an educational experience is the result of a complex process that involves
several actors. First, the authors of the material choose a pedagogical method and elaborate
the proper content. This material is then allocated in a repository so that it can be accessed
by course participants. Finally, teachers and learners get involved in the course and they
start interacting among themselves and with the course content. This is a costly process,
whose elaboration eort is worth to be reused several times. Here appears the need of a
framework that promotes reusability of learning courses.
The enactment of a learning process includes the interaction among the material and
course participants. The pedagogical method in use dictates how this interaction should
occur, ranging from a simple one-to-one interaction to complex models that require a mech-
anism to orchestrate the activities performed by the dierent course elements. The success
of the course depends on the correct application of the pedagogical model. Therefore, the
orchestration method plays a relevant role in the reusability of a given course. This orches-
tration could be performed by hand (with human intervention) or it could be automated to
some extent.
The formalization of a learning process' orchestration, so that the ow can be replicated
in a compliant platform, is called a learning script. This section is devoted to explore the
aordances and constraints of learning scripts, with special emphasis on the case of IMS
Learning Design.
3.2.1 Activity Based Learning
As detailed in Section 3.3, the design of the IMS Learning Design specication was oriented
towards the replication of activity-based courses. Therefore, the emphasis is on how to
sequence the activity descriptions to the dierent course participants, and how to monitor
the development of the activities, rather than emphasizing the content itself. Sush emphasis
on activity-based learning comes from the application of the constructivist theories of human
learning. This subsection provides an overview of the theoretical foundations that supports
activity-based learning.
Constructivist pedagogical theories, generally attributed to Piaget [1], states that the
knowledge appears as the result of the confrontation of the individual experiences and his/her
previously existing ideas. The important role played by the experience in the knowledge
acquisition turns the learner into an active participant of the learning process. According
to constructivism, learning is more eective when implies the active participation of the
learner.
Based on the Piaget theories, the social constructivism [2] relates the knowledge ac-
quisition process with the learner environment, especially with the interaction with other
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individuals. Vigotsky recognizes the active role of the learner but also emphasizes the rele-
vance of his/her social interactions.
In the last decades, constructivist theories of knowledge have impacted the educational
eld, pushing a shift from the knowledge-based syllabuses to competence oriented ones.
Learning does not longer happen just by reading a set of relevant documents: eective
learning happens when there is a balance between content and process [63]. In an activity-
based learning model, educational content is composed by the description of the activities
that the learners must develop. These descriptions are usually complemented by a set
of resources that would help in the development of the activity. Therefore, the teachers'
supporting tasks and evaluation put more emphasis in a proper execution of the planned
activities, instead of exclusively focusing in a nal assessment of the achieved knowledge.
Problem-based learning (PBL) is a teaching method whose foundations rely in the above
described theories. The application of PBL in dierent disciplines has been deeply stud-
ied [64]. It is also a matter of intensive research and practice in Engineering Education [65].
In PBL, students are challenged with open-ended problems, whose solution requires the
comprehension of the knowledge that is being taught. To increase students' motivation, the
presented problems usually simulate real world contexts. The responsibility of the learning
process is assumed by the learners, while teachers appear as mere facilitators of learners.
It is common in PBL activities to require collaboration or cooperation with peers to
nd a solution to the problem. The collaboration is enriched when the presentation of the
problem promotes positive interdependence among the students in the team [66]. That
is, the students must feel that each person's eort benet not only himself, but all team
members as well. The collaboration among team members contributes to students reection
on their experiences, so they can construct their own learning.
Activity-based learning needs a well organized sequence of activities (aka. a learning
ow) to produce learning. The student grades usually consider how well they performed
during the whole process, while the nal assessment results have less weight. According to
that, the replication process of such a course require a well structured method to orchestrate
the students learning ow and the teacher monitor tools, reducing the emphasis on content
material. One of the goals of educational modelling languages is to provide such replication
method.
3.2.2 Instructional Design
Instructional Design is the systematic process of translating general principles of learning
and instruction into plans for instructional materials and learning [67]. In other words,
instructional design establishes a methodology for the creation of courseware and training
programs, focusing on the accomplishment of the learning outcomes and with measurable
indicators.
The model proposed in [68] can be considered the rst model of instructional design.
It was developed as an attempt to use General Systems Theory [69] in the development
of military training process. The success of the model on its original context motivated
the adoption of instructional design techniques in other disciplines like industry and busi-
ness [70].
The main characteristics of instructional design are [70]:
 Learner centred: The planned activity ow is based on the initial knowledge of the
learner and consists in a set of activities to be developed by this learner. The teacher
gure is sometimes even not required.
 Goal oriented: The courseware is designed so that the learner will achieve well
dened learning outcomes. All the activities performed by the learners will therefore
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Figure 3.1: The iterative ADDIE model.
be oriented towards the acquisition of a competence, and the course is successful if the
competence is acquired.
 Empirical: The evaluation of learning outcomes must be measurable in an objective
manner. With the same idea, the learner improvements should be mapped into em-
pirical data. Thus, the design of a training program also requires a monitorization
method to be provided with the rest of the courseware.
There have been proposed many models for the courseware creation process that com-
plies with the principles of instructional design. It is accepted that all of them share the
same basic steps of the ADDIE model: Analysis, Design, Development, Implementation and
Evaluation [71]. The rst stage, analysis, determines the goals, learners' background and
context of the course; next, at the design phase, the pedagogical strategies and their delivery
method are dened; the course materials and the required deployment infrastructure are cre-
ated in the development phase; nally, all the resources are deployed in the implementation
phase and the course gets ready to be enacted. As depicted in Figure 3.1, the whole process
is aected by the evaluation stage that combines summative and formative evaluation in
order to guarantee the quality of the course. The result of the evaluation process usually
requires the iterative repetition of the other stages of the model.
Instructional design techniques are used in both online and face-to-face courses. The
latter scenario allows the teacher to improvise a new activity in case it is suggested by
the circumstances. However, online scenarios lack this exibility, and thus require a more
thoughtful plan of activities. On the other hand, online courses allow storing logs of students'
activities in a centralized manner, so that they provide meaningful information for the
evaluation phase. Therefore, the analysis and design phases of the course creation are
considerably dierent in both scenarios.
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Learning scripts are deeply inuenced by instructional design theories, so the creation
process of a scripted learning ow usually follows the ADDIE model. In fact, the IMS LD
specication can be seen as a framework that facilitates the process of instructional design,
where the analysis, design and development phases result in the creation of the Unit of
Learning, the implementation is performed in the runtime environment and the evaluation
is done on every part of the course life-cycle.
3.2.3 Formalization of Activity Flows
Behavioural scripts are sequences of expected behaviours for a given situation [72]. People
do usually follow scripts to accomplish daily tasks. For instance, when someone goes to the
cinema he/she usually chooses the lm, buy the ticket, optionally buy popcorn, take his
place, see the lm and then go out. Scripts appear on dierent parts of our life and they
usually are implicit scripts. That is, there is not explicit list of actions, but this is the actual
sequence that we perform.
Training programs usually make use of explicit scripts, so the learner follows a given
sequence of activities designed to accomplish a given learning outcome. The mere interaction
with the course material, with no established order, does not necessarily produce learning.
The construction of the learner's knowledge is more eective when the interaction is guided
through a sequence of tasks that has been recognized to be eective for the achievement of
the expected learning outcome.
Learning scripts dene who, when and what of the activity sequence. Thus, the creation
of a learning script is the process studied by the instructional design theories. According to
[73], scripts have the following characteristics:
 Understandability: The ideal learning script is interpreted by course participants,
who perform the activities as they actually understood. A bad self-explained script
may result in dierences between the ideal script and the actual one. The consequence
is a less eective learning process.
 Flexibility: Unexpected situations may happen during the enactment of the scripted
activities, and there are cases where a disruption of the activity sequence may result
in a less eective learning. When the work is in face-to-face sessions, the tutor can
improvise new activities to redirect the learning ow. Online delivery of activities
reduces the exibility degree of the activity ow and this fact need to be considered
on the course design [74].
 Degree of coercion: A script can provide rough guidelines of the activity to perform,
or it can detail the activity on its every single aspect. High coercion scripts reduce the
gap between ideal and actual scripts, but raise the risk of losing the natural strength
of collaborative learning [75].
The formalization of the learning ow into a script implicitly poses a life-cycle of the
course, depicted in Figure 3.2. A scripted learning course has three dierent steps: authoring,
when the sequence of activities is dened and the course content is created; deployment,
when course participants are related to the course and the resources are allocated so that
they can be accessed by course participants; and enactment, when course participants start
interacting with course material.
3.3 IMS Learning Design
Initially released in 2003, the IMS Learning Design [6] is considered the de facto standard
in the eld of educational modelling languages [76]. The specication was developed on the
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Figure 3.2: Life cycle of learning scripts.
basis of Educational Modelling Language (EML), originally designed in the Open University
of Netherlands [77]. The IMS Global Learning Consortium supported the model and added
compatibility with already existing specications such as IMS Content Packaging [78] and
IMS Learning Resource Metadata Specication [79].
The text of the specication covers the complete course life-cycle: rst, proposes a data
model that supports the formalization of learning ows; then, oers the XML binding of
the data model and denes the exact shape that a course package (called Unit of Learning,
UoL) must have; nally, details how runtime environment should interpret the dierent
elements of the course. In this section, we summarize the challenges of the specication
and its technological description. The section nishes with a compilation of the supporting
software currently available in the market and in the literature.
3.3.1 Challenges of the specication
Interoperability is achieved through the use of standards or widely agreed specications.
However, the cost is usually a limit on the possibilities of the technology. The IMS LD
specication was designed with the goal of creating a framework that lifts these limitations
while maintaining interoperability [80]. Thus, the requirement of IMS LD is to satisfy the
following characteristics:
 Completeness: The specication must be able to express the teaching-learning pro-
cess and the required resources: digital and non-digital learning objects; multiple users
and roles; online, face-to-face and blended activities and supporting tools.
 Pedagogical neutrality: IMS LD is said to support a wide range of pedagogical
theories while remains neutral among them. That is, any pedagogical approach can
be expressed with the specication, but the terminology of IMS LD is not biased
towards any of them and the election of the learning method is a pure decision of the
practitioners.
 Compatibility: The use of other available standards or specications must not be
limited by the use of IMS LD. For example, learning objects can be still described by
LOM [79], and assessment provided by IMS QTI [81].
 Reusability: A UoL is created once, but it must be possible to replicate the learning
ow several times with a reasonable cost. There should not be any dierence in the
presentation nor behaviour of all course instances. Thus, UoLs must satisfy the self-
containment requisite. That is, all required resources, instructions and materials are
included in the course package.
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Figure 3.3: Conceptual structure of IMS Learning Design (Extracted from
http://www.imsglobal.org/learningdesign/ldv1p0/imsld infov1p0.html)
The description of IMS LD [6] emphasizes the relevance of the pedagogical neutrality, at
the same time that remarks the availability of two possibilities that reinforces this neutrality:
collaboration and adaptation.
A course can hold several learning ows, each of them intended for a dierent course
participant. Thus, the course author describes the interactions among the dierent actors,
setting the basis of collaboration. The learning ow can also be designed with dierent
alternatives, to be followed depending on predened conditions. With this characteristic,
it is possible to adapt the activities to the need of the individuals without disrupting the
pedagogical method. Collaboration and adaptation features are analysed in Sections 3.4.1
and 3.4.2, respectively.
3.3.2 Technological Description
The IMS Learning Design specication is a framework that denes how authoring, deploy-
ment and enactment of learning courses can be performed. It provides a data model that
allow IMS LD scripts to express a wide range of pedagogical models and states how deploy-
ment platforms should interpret the dierent elements of the language, and how should they
be presented to course participants.
In IMS LD, a course is composed by a sequence of activities (aka. the learning ow)
that are presented to the end user by their activity descriptions. An activity description is
a human readable document that explains to course participants the task (online or oine)
they are expected to perform. In order to support the learners in the development of their
tasks, an environment may oer a collection of content material related with the task.
An environment is therefore a collection of resources and services that accompanies one or
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Figure 3.4: Graphical representation of the theatrical metaphor (Extracted from
http://www.brookes.ac.uk/research/odl/alt-nl03/Presentations/LD%20presentation.ppt)
more activities of the learning ow. Resources are documents included in the course package,
while services are tools whose behaviour should be interpreted by the deployment platform.
Course participants are involved in the course by assuming a certain role in the learning
ow. The role determines the sequence of activities that an individual takes in a course.
Typical roles are the teacher and the student, but additional roles can be dened to match
the course requirements. A graphical representation of the IMS LD data model is presented
in Figure 3.3.
The theatrical metaphor
IMS LD is usually explained with the theatrical metaphor (Figure 3.4). The learning course
is then like a theatrical play, where actors perform dierent activities that depends on
the character they are playing. The play is organized in several acts, which are linearly
sequenced.
The IMS LD vocabulary is taken from the theatrical metaphor. Thus, a learning ow is
a play, in which one or more acts are delivered in a linear sequence. Inside acts, each partic-
ipant assumes a role and consequently performs a learning activity, a supporting activity or
and activity structure. The item that establishes the relationship among activities and roles
is called role-part. Activities can be related to environments, a collection of learning objects
that support the participants in their tasks. One relevant fact is that the break between
acts happens at the same time for all characters and works as a synchronization point.
The theatrical metaphor is valid to introduce the specication to beginners, but there
are more supported functionalities that are not part of the metaphor. First, a learning ow
is not restricted to include synchronization points: the use of the dierent structure types
allow course designers to create ows where the participants asynchronously reach their
objectives [82].
The theatrical metaphor does not allow either introducing adaptive content material:
course and participants state can be mapped into concrete values through the use of proper-
ties. A proper evaluation of these properties, done with conditions permits the modication
of the learning material depending on the learner's behaviour.
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IMS Learning Design Levels
To simplify the understanding and software development, the specication is divided into
three incremental levels, described as follows.
First, level A describes the core of the specication. That is, introduces the main elements
(role, role-part, act, etc.) and sets the relationships among them, establishing rules for the
deployment platform behaviour. In this level, conference, send-mail and index services are
dened. A course that strictly follows the theatrical metaphor can be expressed with the
elements of level A.
Properties and conditions are introduced in level B. These are the elements that provide
support for adaptive content material. Properties are dened by the course author, while
property values are set by course participants during the enactment. A change in the value
of a property triggers the evaluation of conditions and, if required, the learning ow is
consequently modied. The available options to perform this modication are the show and
hide actions, which may aect any structural element (acts, activity descriptions, learning
objects, etc.) from level A. The monitor service is introduced in level B and is used to, by
means of properties, allow teachers to track students' progress.
The only element introduced in level C is the notication. Notications allow activities
to be triggered as the result of a condition evaluation or an activity completion. It is dicult
to nd in the literature examples of Units of Learning that use the notication element.
Services
As explained above, an environment is a collection of learning resources or services that
supports the learners to accomplish their activities. Resources are learning objects dened
by course authors and included as part of the course package typically as a document or a
link to the media.
On the contrary, services are tools and therefore they are not described by their con-
tent, but by their functionality. The specication states how services should behave during
enactment, but delegates the nal decision to the deployment platform. For instance, the
asynchronous conference is typically enacted as a forum, but each platform will use a dier-
ent forum tool so they will dier in the details.
There are four dened services:
 Conference: Can be synchronous (a chat) or asynchronous (a forum). It is intended
to put course participants in communication, especially in collaborative learning ows.
 Send-mail: With this service, course participants can send a message to one or more
of their peers. It is another communication method that complements the conference
service.
 Index-search: The learners can search the course material to nd a specic topic.
Depending on the settings, the service can behave as an index of content, an index
with links to the content, or as a search engine.
 Monitor: Through the use of properties, a course participant can view or modify the
property value of other participants. It is originally intended for teachers to track and
grade students' progress, but can be use to dierent purposes.
3.3.3 Supporting software
The availability of supporting software in the market is a measure of a specication health.
In the case of IMS LD, software can be produced for two main areas. First, the authoring
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stage: it is desirable for practitioners to be able to create UoLs even without knowing the
details of the specication. The authoring software should provide an expressive and usable
user interface that facilitates the course creation. On the other hand, the deployment and
enactment of a UoL requires a compliant platform that imports the course package and react
to the dierent elements as expected by course authors.
An overview of available software for both authoring and enactment is given in [83]. This
section summarizes and complements this compilation with the improvements found in the
literature since then.
Authoring
Authoring is an aspect in which current tools have not oered a satisfactory solution and
therefore hindered the adoption of the specication [84]. This can be the reason why the
number of available tools increased in recent years. IMS LD denes a data model and XML
binding for it. However, course creators are not expected to create the UoLs by directly
editing the raw XML. Instead, authoring tools hide technical details and provide a higher
abstract level user interface.
Tree-based editors present the IMS LD data model as a tree structure. The course author
can add new activities, learning objects, etc. as new leaves of the tree. One example of this
type of editors is CopperAuthor [85] which allow the creation of level A designs. Reload
LD Editor [86] takes the same approach and covers the three levels of the specication.
Recourse [87] was developed as an evolution of Reload, with improvements on the user
interface. Tree-based editors are a representation of the IMS LD data model more user
friendly than the XML binding, but still requires understanding of the specication.
To avoid the need of understanding the specication as a requisite for course creation,
a dierent approach is to provide a graphical user interface where activities are represented
as boxes and the sequence is represented by connections between boxes. This is the case of
GLM [88], Cosmos [89] and ASK-LDT [90].
Some tools, also based on graphical representations of learning ows, were not designed
to create IMS LD packages but are capable of exporting the designs in such format. For
example, MOT+LD [91] exports level A designs, and a comparative between MOT and IMS
LD suggests the possibility of upgrading the system to support levels B and C. Another
example is LAMS [92], a system that integrates authoring and enactment in the same tool.
The popularity of this tool is due to its simplicity, but is only able to export level A designs.
Collage [93] follows a pattern based interface that enable practitioners to create col-
laborative UoLs. With this tool, the course author selects one among several well-known
collaborative learning ows (pyramid, think-pair-share, jigsaw, etc.) and populates the
activities in the pattern with the proper content. The tool translates the pattern into a
IMS LD compliant package. A method based on course planning techniques is followed by
CourseEditor, presented in [94].
Despite the relatively large number of authoring tools, this eld can be said to be imma-
ture, since it is dicult to nd the trade o between completeness of the specication and
usability of the tool.
Deployment and enactment
The result of the authoring process is a zip le called Unit of Learning, which can be loaded
into a compliant deployment platform where the learning ow can be enacted. The speci-
cation provides guidelines to set the behaviour of deployment platforms, so interoperability
can be provided. However, the ne grain details of how the course is presented to the end
user depend on the platform in use.
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The rst tool able to enact UoLs is CopperCore [95]. Its implementation is designed as
a collection of nite state machines [96] and serves as a reference for other implementation.
CopperCore is actually an engine that complies with the specication but lacks of a visual-
ization layer. Complete enactment platforms can use CopperCore as the underlying engine.
This is for example the case of the CopperCore Player, a proof of concept but a not very
user friendly interface.
There exist several tools that use CopperCore as underlying engine. That is the case of
Reload Player, which is intended to be a previsualization software for the courses created
with Reload, but is not expected to be used as a nal enactment platform. Another example
is SLED [97], which oers a Web interface for managing users and runs, and facilitates the
deployment in real scenarios. SLED was the rst tool designed to be actually used as a
player for end users. The open source nature of CopperCore allows its modications to
incorporate new features. That is the case of Gridcole [98], whose added functionality is
discussed in Section 3.5.
The rst implementation not based on CopperCore, and also the rst implementation
completely build into a Learning Management System, is GRAIL [10]. This software was
developed at the Telematics Engineering Department, in the University Carlos III of Madrid,
as a contribution for the E-Lane project [99]. GRAIL was created as a module for .LRN [100],
a system based on the OpenACS architecture [101]. GRAIL complies with the three levels
of the specication and takes advantage of other modules of the LMS to provide the player
with some functionalities, as the forum, the le storage or the built in QTI engine. The
author of this dissertation participated in the development of the GRAIL player, which is
the tool used for the experimental part of the research methodology. Further details about
GRAIL are presented in Chapter 4.
Apart from CopperCore, there exists other implementation of the specication [102,
103, 104, 105, 106, 107] that complies with level A, being in some cases the level B support
under development. There also exist discussions concerning the integration of IMS LD into
Moodle, which is currently the most popular open source LMS in the market [17, 18]. [108]
considers the use of Moodle as a level A editor. [109] analyses the mapping among Moodle
and IMS LD elements. However, there is no released implementation of built-in player. In
general terms, it can be said that the existing players for the IMS LD specications are in
an immature state of development.
3.4 Uses of IMS Learning Design
IMS LD has not reached the adoption level expected for such a model. As analysed in
Section 3.3.3, the immature state of the supporting software could be one of the reasons.
This low adoption level is deeply analysed in [84]. This article also states that, in spite of
the lack of authentic experiences, there are multiple examples of experimental uses of the
IMS LD framework. In other words, experiences where the aim is to explore the limits of
the specication expressiveness.
IMS LD is being studied in the elds of Computer Supported Collaborative Learning
(CSCL) and Adaptive Hypermedia (AH). However, there are more areas where the speci-
cation is being applied. This section presents a summary of the most relevant experiences
found in the literature.
3.4.1 IMS LD and CSCL
The specication supports the design and enactment of collaborative learning models. The
core element for collaboration purposes is the role that allows assigning dierent activities
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to course participants. According to [110], the group activity is then dened in the act,
while the individual tasks are described in the role-part. The communication among group
members can be mediated through the synchronous or asynchronous conference service.
Relevant research analyses the feasibility of applying such models with IMS LD, ranging
from pure theoretical discussions to experiences of use and from a wide scope discussion to
the support of very specic scenarios. As asserted in [111], IMS LD seems to be able to
represent collaborative learning activities, but there is a need of real experiences that prove
the assumption.
On the analysis of specic scenarios, [112] uses IMS LD to design courses that require
synchronous collaboration among peers. They found that the services dened in the spec-
ication are not enough to provide eective synchronous collaboration and propose a new
service called collaboration service, complemented by a collaboration activity and a group
component as new proposed elements. With a dierent approach, Collaborative Answer
Negotiation Activities (CANA) were described using IMS LD in [113], and the resulting
courses were enacted in regular computer science courses.
The application of Problem Based Learning methodologies as IMS LD courses is analysed
in [114], where a trial was set up and evaluated. The results shown that the specication was
able to design and enact such courses and that teachers recognized the relevance of focusing
on the course structure and reusability. However, this was at the cost of much more design
time than if the teachers were just focused on content.
Similar conclusions are extracted from the experience described in [115]. This paper,
discussed in Chapter 6, details how complex collaborative models can be modelled and
delivered on distance scenarios, but usually requires the support of services not described
by the specication and with a great cost, in terms of time, used to design and coordinate
the course. This high cost causes the design process to be error-prone [116].
The GSIC group, in the University of Valladolid (Spain) has analysed in detail how to
best apply collaborative learning with IMS LD (see [117] for an example). Their proposal
is based on the use of patterns, which are argued to be an eective approach for course
authoring [118, 93]. The pattern based approach is complemented with an extension of the
IMS LD model aimed at facilitating the provision of collaborative tools [119], and a platform
able to interpret and enact UoLs that include the extension [98]. Also working with patterns,
in [120] there is an analysis of how the intrinsic constraints of the Jigsaw and the TAPPS
patterns can be modelled with IMS LD in order to facilitate the administrative tasks. The
presented case study revealed that the approach was useful when the number of students
was large, or when there are many constraints to control.
Other CSCL related works, not focused on IMS LD, make use of the specication as
a complement for the research case. For example, in [121] the analysis of the IMS LD
expressiveness for CSCL derives in the proposal of a dierent language argued to be more
appropriated for collaboration purposes. Another example is the work presented in [122, 123]
explores a mapping between IMS LD and CIAN, which is a graphical notation for the
representation of collaborative scripts.
More recent developments and studies claim that the specication is not expressive
enough to cover all the requirements of collaborative learning ows, and try to overcome
this deciency with the proposal of an extension that enriches the expressiveness of IMS LD.
This is the case of the work presented in [124] that proposes a large set of new elements to
be included in the data model. The proposal given in [125] consist of a way of introducing
virtual participants in the enactment of IMS LD courses. They could be used, for example,
to complete the number of required participants of a group, or to simulate the enactment
for testing purposes.
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3.4.2 IMS LD and Adaptive Learning Material
Properties and conditions from level B are introduced in the specication as a mean to create
adaptive learning material. A theoretical analysis of the matter is published in [126]. This
work states that adaptation is possible with IMS LD, but the specication also poses some
drawbacks to consider in the authoring process. First, the required number of conditions
grows rapidly with the number of considered learner characteristics. Second, it is not always
possible to enforce an order in the activity sequence. Finally, the manifest-centred approach
does not provide runtime exibility. These arguments will be discussed in Section 3.4.4.
Another theoretical, but more specic, review of adaptation capabilities is given in [127],
where Adaptive Navigation Support (ANS) techniques are expressed by IMS LD rules. The
article works with examples such as direct guidance or adaptive linking annotation, and
concludes that IMS LD is a good candidate to exchange ANS designs. In a similar manner,
the synergy between Adaptive Hypermedia (AH) and IMS LD is said to be benecial for
both models in [128], which also recognizes the need of further research on the topic.
A deeper analysis of the application of adaptation with IMS LD is given in [129, 130].
According to this paper, adaptation techniques can be grouped in three main areas: inter-
face based, learning ow based and content based. The rest of techniques can be considered
as a combination of the basic three. The specication states nothing about interface based
adaptation, so it will be supported as long as the IMS LD players provide the required func-
tionality. Learning ow based and content based are supported by means of the show-hide
action, that can be applied to learning activities or to particular parts of XHTML documents
appropriately tagged by a div element. The UoLs that support this study are available at
the Learning Network for Learning Design at The Open University of the Netherlands [131].
An approach more based on case studies rather than on a theoretical analysis is given
in [132]. This document takes data from three already existing courses being imparted in
Moodle and compiles all the modications that tutors performed during the runtime phase
of the courses. The aim of the study is to evaluate whether these real case modications
could have been performed if equivalent IMS LD courses were applied. The model proved
to be expressive enough to describe the wide range of adaptations performed.
Other researches also use IMS LD in the context of adaptive content. For example, the
aLFanet platform presented in [133] is a IMS standard based system for the creation and
delivery of adaptive material that combines the use of IMS LD, IMS QTI and IMS LIP.
Another example is the work presented in [134, 135] aims at the authoring stage of adaptive
content, exploring the possibility of automatic generation of adaptive UoLs. The inputs to
the system are intrinsic characteristics of users and the desired and achieved competences in
the learning process. Finally, the work presented in [136] states that IMS LD expressiveness
is not enough for context aware adaptive purposes, and proposes an extension which is in
an early development stage.
3.4.3 Other users of the specication
As stated in the best practice and implementation guide [137], IMS LD was developed with
the need of \reecting learning experiences that are collaborative or group-based", but also
to \describe and implement dierent kinds of learning approaches". That is, despite the
emphasis that the specication gives to adaptive content and collaborative models, there
are other learning approaches whose support in IMS LD is being explored in recent research.
A compilation of these eorts is presented as follows:
 The use of mobile devices to deliver learning material, providing context and device
awareness is discussed in [138]. The presented prototype does not clarify the role of
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the specication in the system, but means a step towards the use of IMS LD in mobile
devices
 In [139], IMS LD is used to create a course ow that replicates the Scrum programming
methodology [140], in order to be used as a teaching method in a higher institution.
The prototype uses CopperCore with Facebook as the presentation layer.
 The work published in [141, 142] is focused on the study of the relationship among
ontologies and IMS LD. They propose an ontology aimed at overcoming the expressive-
ness limitations of the IMS LD XML Schema and discuss its application to a particular
case study.
 How to promote reuse of UoLs is analysed in [143]. The authors defend IMS LD as a
suitable method for the recognition of re-usable course patterns. When a repository is
well populated it can be possible to capture more successful learning designs that can
be used as templates.
 The UML4LD experimentation [144] is an attempt for the automatic generation of
UML diagrams from courses described with IMS LD.
 The relevance of the terms competence, evaluation, artefact and feedback is considered
in [145], where a modication of the specication including those concepts in the data
model is proposed with the goal of improving assessment support.
There exists more IMS LD related literature, with an increasing number of publications
in recent years. Some of the existing works may not present relevant contributions to the
existing knowledge, but reveals a rising interest on the specication and its application on
real scenarios.
3.4.4 Problems of the specication
The intensive activity related to IMS LD reveals that it was received with expectation, and
that there are many eorts trying to push the adoption for the specication in authentic
situations. It is even considered the de facto standard in instructional design [146, 76, 147,
106, 148]. However, IMS LD has not reached a widespread adoption, as it was expected few
years ago. The specication presents several advantages and innovations when compared
to other systems, but the original design also present some drawbacks that limit its usage.
Here we summarize the main problems reported in the literature.
A comprehensive report on IMS LD problems is presented in [84], where the identied
problems are:
Adoption. The steep learning curve that IMS LD poses to practitioners makes them scep-
tical when considering the benets of the specication. The existing tension between
functionality and complexity do not contribute to relax this learning curve. Further-
more, the adoption by institutions would require a dicult organizational change. As
a result, training programs have not success on promoting the use of IMS LD
Life Cycle. There is no dened method to incorporate changes on live courses. Edition
features are not integrated in most current systems1 and there is an incomplete cycle
between the authoring phase, the deployment phase, and the enactment phase and then
again with the authoring phase. In summary, the specication is manifest-centred [126]
and the consequence is the lack of exibility during runtime.
1GRAIL is the only current player that incorporates edition features
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Level B Notation. A good enough usability for authoring level B elements has not been
reached in current editors. First, the assignment of property values are performed
from content (using the set-property-value statement) and authoring software do not
provide a method for synchronization between the content and the manifest. Second,
conditions are expressed in a declarative manner and it may be counter-intuitive to
express ows with such vocabulary. Finally, the number of required conditions becomes
too large when the number of considered student characteristics increases. That is,
level B is powerful but seems to be too complex to be used without patterns, and
patterns are not straightforward to be developed.
Interoperability. It is not dened how to exchange data with other tools, such as assess-
ment ones. As a result, there is a problem with data ow [116]. There is also an
agreement on the need of more services to be proposed, as well as a mean to bidirec-
tionally exchange data with these services. The need of new services is the main topic
in this dissertation, so this problem will be discussed in Section 3.5.
Usability & Utility. There are some conicting facts that hinder a good usability of IMS
LD tools. First, the activity based model in which the specication is based does not
always match with teachers' conception of a course. Second, the visualization during
authoring is not the visualization during enactment. In fact, each player can provide a
dierent interface, so the course author cannot know how the course will be presented.
Finally, it is not clearly dened how the learning path should be presented and there
is not trivial answer to this question.
The commented problems concern the specication as a whole, in the sense that they
are relevant regardless the pedagogical approach to be applied. Other critiques are more
focused on the lack of expressiveness for a particular learning method. For example, [124]
states that collaboration tools are not enough, while [145] claims for better support for
assessment. These eld-specic critiques are usually the seed of extension proposals, and
will be discussed in Section 3.6.2
This PhD thesis focuses on the interoperability problem. More specically, the presented
proposal is a framework that enables the integration of third party tools in IMS LD courses,
with the support of bidirectional exchange of information with these tools.
3.5 Service integration in IMS LD
As stated previously, one of the documented drawbacks of the specication is the impossibil-
ity to integrate arbitrary tools into Units of Learning, including the exchange of information
with the tool during the runtime. Currently, tools are integrated as services, but the only
dened tools are send-mail, conference and index-search. Furthermore, there is not dened
method to gather information from these tools. It is not allowed, for example, to adapt the
learning ow depending on how many contributions are in a forum.
The lack of integration is a well-known problem, and there exists several initiatives
oriented towards the use of functionality from external tools in the context of IMS LD
courses. This section is devoted to summarize the existing initiatives.
3.5.1 Interoperability with other standards
The IMS Global Learning Consortium provides several specications in for very dierent
purposes in the context of e-learning. It is stated, for example, how to achieve interoper-
ability in assessment [81] and how to model user proles [149]. It is therefore relevant to
provide a method to interconnect all these specications so they can work together.
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IMS Question and Test Interoperability
The IMS consortium denes the creation and behaviour of e-learning assessment in the so
called IMS Question and Test Interoperability (QTI) specication. In the same way that
IMS LD does for learning ows, QTI provides a data model and a XML binding. It is also
specied how platforms should interpret QTI elements and what information can be stored.
Since assessment is not provided as part of IMS LD, the IMS consortium oers a way to
integrate IMS QTI questionnaires into Units of Learning, as specied in the IMS Question
and Test Interoperability Integration Guide [150]. Then, if the IMS LD player detects the
inclusion of a QTI resource, appropriately tagged as such, the execution of the item is
delegated to a pre-congured IMS QTI player. The method also allows properties in the
two systems to be synchronized.
These integration guidelines are provided for the specic case of assessment when it is
delivered through IMS QTI. Therefore, this method cannot be used to integrate any tool
into a Unit of Learning. Furthermore, as explored in [151], the method does not provide
complete support for emerging forms of assessment.
SCORM and IMS Learning Design
SCORM is the recommendation of Advanced Distributed Learning (ADL) to package and
deploy e-learning courses. The SCORM2004 version supports adaptation through the use of
IMS Simple Sequencing, though this feature is rarely used. The joint use of SCORM2004 and
IMS LD is discussed in [152]. According to this paper, there are three levels of integration:
 Minimal integration just requires the URL of the SCORM course to be included as a
learning object in the Unit of Learning. The method is quite simple, but the URL is
not always available when the UoL is being created. Furthermore, the approach does
not allow the IMS LD and SCORM courses to exchange information among them.
 Packaged integration requires the SCORM zip package to be included as a resource
properly tagged in the IMS LD package. When the IMS LD player nds the SCORM
resource, its execution is delegated to a compliant platform. This method, supported
in the GRAIL player, does not still allow information exchange among courses.
 Run-time integration includes the synchronization of property values among the two
systems, allowing IMS LD courses to be adapted depending on values generated in the
SCORM object. This approach is prototyped and tested in [153].
SCORM integration with IMS LD shares some elements with the above described QTI
integration, and also shares the same drawbacks. In the authoring side, there are dierences
on how SCORM Sharable Content Objects (SCOs) are incorporated into a Learning Design:
whereas QTI content is essentially an XML le which needs to be processed and rendered,
a SCO is typically a single HTML page which may contain JavaScript. This page needs to
have access to an API-Adapter object within the page (or frameset hierarchy) as it is being
used by the engine.
IMS Tools Interoperability
Recognizing the possibilities oered by third-party tools in the context of e-learning courses,
the IMS consortium released in 2006 the IMS Tools Interoperability Guidelines (IMS
TI) [154]. The goal of this specication is to allow non-LMS Web based tools to be used in
a LMS thanks to the use of a Web Service infrastructure in both the LMS and the exter-
nal tool. As an evolution of the same idea, the IMS Basic Learning Tools Interoperability
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specication was published in 2010, while the IMS consortium is actively working on IMS
Learning Tools Interoperability, a more complete version of the idea.
These three specications are oriented towards \a formal, negotiated deployment pro-
cess" [154] between the third-party tool (the tool provider) and the LMS (the tool consumer).
Thus, IMS imposes a model to be fullled by both provider and consumer so it restricts the
tools that can be integrated to those that comply with the specication.
IMS TI, the rst of these three proposals, explicitly excludes the integration or \Multi-
learner Tools, workow enabled Tools", which is a clear restriction to use the model in the
context of IMS Learning Design. The more recent proposals mention the concept of role
but, in the case of workow enabled tools, do not discuss the impact of the integration in
the course life-cycle which is essential for a complete integration.
3.5.2 Non standard-based approaches
The joint usage of the capacity of IMS LD to orchestrate activities with the use of arbitrary
tools is a matter of research whose result is the existence of several initiatives, summarized
as follows.
The CopperCore Service Integration Layer
The interoperability problem was envisaged by CopperCore developers, who proposed a
Web service based architecture that enables the communication of the IMS LD engine with
other tools through the so called CopperCore Service Integration Layer (CCSI) [155]. This
layer allows new services to be added and extend the Learning Design Framework. These
services could be either resources that a UoL may want to access at run-time (e.g. a chat
service) or alternatively, the service could be based on a dierent e-learning specication.
For example, the already mentioned QTI integration was performed through Interoperable
Segments (APIS) [156] using CCSI.
The CCSI layer is intended to be used during the enactment phase of a course. That
is, allows the communication among services but do not specify how services are dened
by course authors and how services are instantiated. Without a recommendation or a best
practices guide, the integration process requires IMS LD expertise and it is said to be time
consuming, which prevents for an agile integration of arbitrary tools.
e-Adventure
The Unit of Learning presented in [157] is an interesting application of the above-mentioned
CCSI architecture. The core element of the presented learning ow is a point-and-click
adventure game developed for the e-Adventure engine [158]. Thus, the IMS LD player and
the e-Adventure engine are integrated so that the story of the game depends on the user
prole, and the course property values are assigned by the game engine.
The prototype reaches bidirectional exchange of information during enactment and
demonstrates the capabilities of CCSI. However, the intrinsic problems of the architecture
are still present and the cost of the UoL creation is still too high.
Gridcole
One of the earlier initiatives in the eld of integration is the use of grid tools through
Gridcole [98]. The proposal contemplates the whole course life-cycle: the authoring stage
uses the groupservice extension (see Section 3.6.2) in order to describe the tool to use during
the enactment. Gridcole is the name received by the CopperCore modication that is able
to interpret the groupservice and to deploy the corresponding tool.
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The development of Gridcole is oriented towards the use of grid based tools. This fact
restricts the integrable tools to those that comply with the Open Grid Services Infrastructure
model and provide non persistent grid services. Another restriction of the proposal is the
lack of support for adaptive content. In other words, property values cannot be set according
to the information handled in the grid tool.
Wookie
The work developed at the University of Bolton and presented in [159, 160] promotes the
use of widgets as a mean to provide a rich set of services while maintaining portability across
dierent IMS LD platforms. The proposal includes the use of Wookie, a server for the easy
creation and deployment of widget based tools. The widget server was developed with the
needs of IMS LD in mind, but it has been created as an independent server, and integration
has already been demonstrated in Elgg and Moodle.
According to the Wookie proposal, widgets included in the course ow can be dened
with the existing elements in the current version of IMS LD. The method to indicate the
presence of a widget service is the use of specic parameters of the already existing conference
service. Then, the IMS LD player interprets the service as a widget, and allows the proper
widget to be selected.
The advantage of this late-binding approach is the possibility of using the current spec-
ication with the need of neither extensions nor modications. However, a more verbose
description of the required functionality would be required in order to enhance reusability
of the model. In other words, how do course managers know the widget they have to choose
and how to congure it? A poor widget selection, caused by the not verbose description
of the requisites, may result on a non successful learning ow. Besides, the proposal does
not include any method to synchronize properties among tools and the creation of adaptive
material is therefore not supported.
Rest-based approaches
The use of Representational State Transfer (ReST) architectural style to integrate third-
party services is explored in [161]. A simple methodology for the integration of ReST based
services is provided, with the argue that new services can be integrated with a reasonably
cost. The proposal includes, as a proof of concept, the integration of the wiki functionality
via three dierent wiki tools in the market. In this work, service-specic primitive operations
have been considered and further work is required to cover the complete life-cycle of the
service, from authoring and enactment to monitoring to interoperability facilities
Generic Service Integration
This Thesis proposes the Generic Service Integration framework (GSI), a complement to
IMS LD that provides support for the integration of third-party services. The proposal
covers the complete course life-cycle (authoring, deployment, enactment) and allows for
the bidirectional exchange of information among IMS LD and the third party tools. The
complete description of GSI is given at chapter 5.
3.6 Other approaches
Modelling languages can be designed to be case-specic, or they can follow a neutral ap-
proach. The former are only suitable for a short number of scenarios, while the latter take
the risk of being a one-size-ts-all alternative where ne grain details of specic elds cannot
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be modelled. In the eld of instructional design, IMS Learning Design is the educational
modelling language that has received more attention from researchers. However, its ex-
pressiveness is not always considered enough for certain purposes where alternatives to the
specication are required.
On the one hand, the study of IMS LD drawbacks has pushed the proposal of several
modications of the specication. These extensions are usually focused to improve the
support of a given methodology, such as the case of collaborative support. On the other
hand, there are many more modelling languages whose functionality can be compared to
IMS LD. This section presents a compilation of both alternatives: extension to IMS LD and
other modelling languages and/or instructional design systems.
3.6.1 Other modelling languages
The formalization of learning ows into modelling languages is a recent matter of research.
One of the earlier works is Inscript [162], a scripting language developed at the Dutch
Open University to support the courseware production process in the design stage. The
script concept evolved into a more mature language, called Educational Modelling Language
(EML) [77], which was chosen by the IMS consortium as the basis of the IMS Learning Design
framework. There are more modelling languages for instructional design, [163] provides a
classication method to select the more appropriate language on each case. How to design
languages into the practice of instructional design is discussed at [164].
IMS Simple Sequencing [165] is another method to describe learning ows. One of the
advantages of this approach is that it is included as part of the SCORM2004 recommen-
dation [60]. It also allows the creation of conditional ows. However, Simple Sequencing
is intended to be used by a single learner so it does not allow the creation of collaborative
activity ows.
One of the most popular systems for the creation and enactment of learning ows is
the Learning Activity Management System LAMS [92]. Strictly, LAMS is not a modelling
language, but a platform to graphically create learning designs, with the possibility of also
enacting them. The platform was based on the conceptual model of IMS Learning Design,
but it is not manifest-centred. This fact provides more exibility due to designs can be
modied after at the runtime. LAMS is focused on a visual an intuitive authoring process
of learning designs (which is the main cause of its success) and the possibility of real-time
tracking of students. Due to the similarity of the proposals, LAMS models can be exported
as IMS LD level A compliant packages, but conditional delivery of activities is not supported.
The analysis of IMS Learning Design's complexity caused the creation of Simple Learn-
ing Design 2.0. In [166] it is argued that the model proposed by IMS is too complex to be
actually adopted and that the surrounding circumstances (lack of IMS support, publication
of Common Cartdrige) hinders the success of IMS LD. Due to these reasons, a new speci-
cation is proposed in [167] that, according to the authors, is simpler than IMS LD and have
the required functionality to be adopted as a future standard.
A research for the simplication of IMS LD is also the case of the work presented in [168].
The authors argue that a separation of the modelling problem in several parts is required.
Their proposal performs the division and analyses the relationships among parts, which in
this context are called perspectives. Finally, they consider how IMS LD elements are reected
in each of the twelve dened perspectives. As a result of their work, they propose the
Perspective-oriented Educational Modelling Language (PoEML) [169] as simpler alternative
to IMS LD. Support for PoEML is currently under development [170].
A dierent view of the course process is presented in [171]. This paper states that the
principal problem of IMS LD is that a learning course is considered as a mere sequence of
activities. From the point of view of this article, a pedagogical activity is a set of exchanges
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Description Field of Use Supporting
Software
Simple
Sequencing
Describes conditional activity
sequences
Neutral SCORM2004
compliant
LAMS A platform, not a language.
Describes linear activity se-
quences
Neutral LAMS plat-
form
Simple LD
2:0
Simplication of IMS LD Neutral Not yet
available
PoEML Authoring units of learning fo-
cusing on 12 dened perspec-
tives
Neutral Not yet
available
LDL Learning situations are ex-
changes among participants.
Focused on collaboration and
adaptation
Neutral LDI
CPM UML based modelling lan-
guage focused on problem-
based learning
PBL CASE
Table 3.1: Comparative summary of educational modelling languages.
occurring among the activity participants, which is intrinsically evolutionary and unpre-
dictable. These are the basis of Learning Design Language (LDL), a language for course
creation that emphasizes the support for collaboration, activity observation and activity
adaptation. The Learning Design Infrastructure is the system that supports the execution
of LDL situations.
Focused on modelling problem-based learning activities, the Cooperative Problem-Based
Learning Metamodel (CPM) is presented in [172]. CPM denes 35 concepts; most of
them are similar to IMS LD concepts (Learning Phase, Activity, Activity Structure, Role,
Resource, Objective, Post-Condition, etc.); other ones do not exist in other EMLs because of
their relation to Problem Based Learning (Subject, Task, Obstacle, Pbl Constraint, Success-
Criterion, etc.). The proposal, aimed at the authoring phase, denes elements that reuse
and extend UML features. The result is a UML-based method for the creation of learning
activities. Authoring of CPM designs is supported by the CASE tool. The execution of a
CPM model requires its transformation into an interoperable format such as IMS LD, while
there are not CPM enactment platforms.
3.6.2 Modications of the specication
In the eld of collaborative learning, a new type of service is proposed in [119]. The new
service, called groupservice generically describes tools that support collaborative process that
may happen in the learning ow. That is, the service could be used to describe dierent
tools, all of the within the range of collaborative models. Gridcole [98] is the system that
supports the proposed service type. It is a modication of CopperCore, and is oriented
towards the support of grid tools.
The extension via new services is the proposal of [112]. This work, in agreement with
other already referenced articles, considers that existing services are not enough for collabo-
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Description Field of Use Supporting
Software
groupservice A service type that can model
tools for CSCL
Collaborative
Learning
Gridcole
Collaboration
Tool Service
Service that provides static-
info, dynamic-info, discussion
and voting
Collaborative
Learning
Beehive
Extension for
group forma-
tion
New element for dynamic
group management, and mod-
ications on existing elements
to support the new one
Collaborative
Learning
Not yet
available
Extension
to express
assessment
New elements that model
artefacts, evaluation, marking
and feedback
Assessment Not yet
available
Improvements
in adaptation
Support for context awareness Adaptive content Not yet
available
Inclusion of ITS Extension for the inclusion of
virtual roles in courses
Collaborative
Learning
Not yet
available
Table 3.2: Comparative summary of IMS LD modications.
ration purposes, and denes a new service called Collaboration Tool Service. The proposed
service consists of four core elements: Static-Info, Dynamic-Info, Discussion, and Vote, which
are argued to be able to describe all tasks needed to assemble any synchronous collabora-
tive learning activities. Other two elements, collaboration activity and group are proposed.
However, the overlapping of these elements with the already existing ones is not discussed.
The extension is applied in a software called Beehive, build as a module of the .LRN system.
The work presented in [124] critiques IMS LD from ve dierent perspectives: group
creation, properties, services, activities and sequencing. In fact, the discussion claims for
the need of a dynamic group management and the other critiques are consequence of the rst
one (for example, the need of group-scoped properties appears when groups are introduced).
The proposed solution is the inclusion of new elements in the IMS LD data model, and
the extension of the existing ones. The end goal of the proposed modication is a better
support for collaborative activities where exible groups are required in order to success in
the enactment of the learning ow. The proposal is in a very early stage of development
and there is no existing prototype that supports the model.
Another extension of the datamodel is proposed in [173]. In this case, the document
argues that assessment support do not cover the minimal requisites, and introduces new
elements that model the artefacts, evaluation, marking and feedback. The prevailing idea is
to improve the description of learning designs without introducing too much complexity in
the framework. The authors consider the modication of CopperCore as the more realistic
approach of supporting software development, and plain this task a future work.
There are other works [136, 125] that claims for the need of extensions in the elds of
adaptive learning and integration with intelligent tutoring systems. They are in an early
stage of development and reveals that the interest in IMS LD is still alive. Table 3.2 sum-
marizes the IMS LD modications presented here.
As stated in [166], one of the problems of IMS LD is the absence of dialogue between the
IMS and the LD community after the publication of LD in 2003. Consequently, there was no
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real discussion between the IMS working group and the LD community, so the proposals for
the extension and modication of LD coming from researchers, teachers and instructional
designers have been met with silence.
The work presented in this dissertation can be considered as an extension of the speci-
cation that provides a framework to integrate third-party tools in learning designs.
3.7 Conclusion
The creation of eective units of learning is a complex task that has a great cost. First,
the learning scenario has to be carefully analysed in order to select a proper pedagogical
method. Then, the activities are designed and the content (usually multimedia) is created.
Finally, the resources involved in the course are allocated and the actors start the learning
process. Eective methodologies that minimize the cost of the overall process are under
research in the eld of instructional design.
In order to maximize the eectiveness - in terms of cost - of the process, there is a
need to reuse successful learning courses more than once. This task is not straightforward
due to the complexity of the needed orchestration among resources and participants. This
is the reason why courses are formalized in a computer interpretable manner. Thus, the
replication of courses requires their formalization in existing modelling languages for their
latter replication on platforms capable to interpret these languages.
The study and creation of educational modelling languages is a relatively recent matter
of research. There are several initiatives aimed at the creation of such models. Among
them, the framework that has received more attention from the community is IMS Learning
Design. Its design was based on the previously existing EML and it was adopted by the
IMS Global Learning Consortium as the reference model.
The IMS LD specication is build upon a constructivist approach: it is focused on
activities, rather on content. A Unit of Learning (a course described with IMS LD) is a
sequence of activities whose completion may require the support of learning objects and/or
peers. The specication is said to support collaborative learning and adaptive content,
among other pedagogical approaches.
Despite the wide research surrounding IMS LD, the model has not been yet adopted by
educational institutions. It is said that the conceptual model is too complicated for non-
technical practitioners and that a more high level description of courses is required. In such
way, supporting software tries to hide the conceptual model behind graphical interfaces,
but the tools are not yet mature enough. Furthermore, the specication has some other
drawbacks that hinder its adoption.
Two of these drawbacks documented in the literature are the lack of exibility during
the enactment of learning courses and the lack of integration with other tools, especially
when an exchange of information is required. Some extensions and/or modications have
been proposed in order to overcome the commented problems. In the particular case of tool
integration, none of the existing proposals oers a solution that covers the complete course
life-cycle and supports the integration of generic services with a bidirectional exchange of
information among IMS LD and the services.
This dissertation contributes with a proposal for the solution of these two limitations.
First, the study of exibility in scripted courses result in the implementation of new fea-
tures in GRAIL that allow instructors to react to unexpected situations during the course
enactment. The second contribution of this disseration is the proposal of a framework that
allow the integration of Web 2.0 tools in the context of IMS LD courses, including bidirec-
tional exchanges of information during enactment. The proposal, comprehensively detailed
in Chapter 5, aects the whole course life-cycle: authoring, deployment and enactment.
Chapter 4
Support for IMS LD in .LRN
An expert is a person who has
made all the mistakes that can be
made in a very narrow eld.
Niels Bohr
4.1 Introduction
As shown in Chapter 3, the data model provided by IMS Learning Design enables its use
as a pure modelling language for educational courses. That is, practitioners can use the
IMS LD vocabulary to logically structure the learning material. However, the objective of
IMS LD is not limited to act as a modelling language. The specication states how the
structural elements must be enacted. The result is the existence of compliant players (also
referred as runtime environments) capable to orchestrate the course resources attending to
the instructions of the course model.
The IMS LD specication states how the elements should be understood and interpreted
by the runtime environments. However, the guidelines are exible enough so that the dier-
ent players can comply with the specication at the time they provide particular behavioural
solutions for the open problems. These particular features may inuence the course enact-
ment with the provision of extra resources that can enrich the learning activities. The
development of a IMS LD player is not merely the implementation of a workow engine and
should be focus on the improvement of the learning experience.
This chapter describes the implementation of a IMS LD player in .LRN, called GRAIL
(Gradient-lab RTE for Adaptive IMS LD in .LRN) [10]. The proposals of this dissertation
have been implemented in GRAIL, which has also served for the experimental phase of the
methodology. The description of this software includes the decisions that derived in the im-
plementation of the player, the technical description of the tool and the main characteristics
of the tool from the end user's point of view. This chapter also presents the functional-
ity implemented in GRAIL oriented towards the support of enactment exibility, which is
recognised as one of the limitations of the specication.
The rest of this chapter is organised as follows. The decisions of the design and develop-
ment process and the underlying technology of the GRAIL tool are presented in Section 4.2.
The description of the tool details the steps taken on the dierent phases of the course life-
cycle when a UoL is enacted in GRAIL and the integration of such life-cycle in the .LRN
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platform. Then, Section 4.3 introduces the concept of exibility in learning courses and
details the solutions proposed in GRAIL.
4.2 Runtime environment implementation
GRAIL (Gradient-lab RTE for Adaptive IMS LD in .LRN) is the IMS-LD run-time envi-
ronment implemented in .LRN [100]. It has been conceived to be used within the context
of a .LRN community, a set of users sharing resources such as documents, forums, calendar,
schedule, etc. GRAIL is the rst player integrated in a Learning Management System. The
integration provides the oportunity to use the tools of the LMS in the contex of IMS LD
courses. The implementation of the specication requirements translates into a set of de-
cisions that need to be taken by the design team. They relate to important aspects of the
usability and eectiveness of the run-time environment and therefore need to be carefully
considered. It follows a brief description of the aspects taken into account when designing
GRAIL.
4.2.1 Relevant decisions
Although they are not part of this dissertation, some developments and decisions held by the
Gradient Laboratory1 inuenced the work presented in this document. Among others, the
most straightforward inuence is the use of the .LRN platform as the basis of the software
development. This subsection draws a picture of the reasons that leaded to the proposals
presented in this dissertation.
The adoption of .LRN was decided in the context of the E-LANE project [99], an initiative
funded by the European Commission through the @LIS programme. The goal of the project
was to reinforce the partnership between the European Union and Latin America in the eld
of the Information Society, focusing on the case of e-Education [174]. The three objectives
of the project were:
 Software development: The creation and/or integration of solid open source e-
learning applications within an existing LMS. Sustainability after the conclusion of
the project was a requisite and it was promoted by the use of open source software
and open e-learning specications.
 Content production: As important as the functionality is the content available
at the platform. Several courses were produced within the context of the E-LANE
project, and deployed in the chosen LMS.
 Methodology: The content itself does not promote sustainability, which is better
achieved through an open, well-dened methodology to develop new content. The
proposed process used DocBook [175] for content development and SCORM for delivery
and deployment of the materials [176, 177].
At the beginning of the E-LANE project, more than 50 open source LMS platforms
existed in the market. Among them, the OpenACS Web toolkit and its community-based
approach with .LRN oered a scalable, highly modular system that allowed quick and solid
development of new features. Furthermore, the existing community of developers, supporters
and end users guaranteed the sustainability of the initiative. More details about the platform
can be found in Section 4.2.2.
1at Telematics Engineering Department at the University Carlos III of Madrid
4.2. RUNTIME ENVIRONMENT IMPLEMENTATION 45
The methodology for content creation, which included the use of DocBook and SCORM,
was chosen because its feasibility with already existing tools. This decision emphasised the
sustainability of the project. However, the absence of sophisticated (collaborative, adaptive)
sequencing tools was identied as one of the aws of the model. This was the initial seed
that resulted in the implementation of IMS LD support in .LRN.
Once identied the need of IMS LD support in .LRN, the possibility of integration with
CopperCore was evaluated. This integration would have oered a solid player and a quick
result at the cost of the duplication of data in the databases of both systems (.LRN and
CopperCore). On the contrary, the implementation from scratch oered the opportunity to
reuse lot of existing functionalities in the LMS and the possibility of future improvements
of the tools at a reduced cost. The latter option was better considered and therefore the
GRAIL tool (see Section 4.2.3) was developed. The expertise acquired with the .LRN use
during the E-LANE project and the modularity of the underlying architecture allowed for the
creation of new functionalities, which was one of the factors that motivated the developments
performed as part of this dissertation.
4.2.2 The .LRN platform
.LRN [100] (pronounced as dot-learn) is an enterprise-class open source platform for sup-
porting e-learning and digital communities. The tool was originally developed at the Mas-
sachusetts Institute of Technology as a virtual learning environment, and it then evolved
into a comprehensive platform including not only e-learning support but also generic Web
resources.
Technical description
The platform is based in the Open Architecture Community System (OACS) [101], a toolkit
for building scalable, community-oriented Web applications. The toolkit structure is highly
modular and .LRN is a set of modules that provide the additional features to deploy an
e-learning environment.
Both .LRN and OACS are tightly integrated with a relational database; PostgreSQL and
Oracle are currently supported. The Web server that handles requests at the basic level is
AOLServer [178], the America Online's open source Web server. One of its features is the
integration in its core of a multi-threaded TCL interpreter which provides an eective solu-
tion for industrial strength type of services such as those present in large higher educational
institutions.
Figure 4.1 shows the platform architecture, while Figure 4.2 presents a simplied and
more understandable diagram. The OpenACS Web toolkit allows for easy development of
new applications (called modules, in this context) and .LRN is one of the already existing
modules. The .LRN module is accessed as an environment oriented towards the management
of communities. Thanks to a well dened plugin policy, existing OpenACS tools can be used
in the context of a community if the corresponding plugin has been implemented. Due to
the simplicity of plugin's development, most of OpenACS tools are commonly used through
the .LRN environment. Actually, some of the existing tools were initially conceived to be
used in the .LRN context and only make sense if they are used inside a community.
Design principles and functionality
The modular structure of OpenACS allows for very fast customisation and prototyping of
new applications. The user space is organised through a customisable set of portlets, each of
them oering access to one of the various available services. The underlying toolkit provides
a set of Web functionality most of which is suitable to be adopted by the e-learning platform.
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Figure 4.1: Complete architecture of the OpenACS platform. (Extracted from
http://dotlrn.org/product/overview/)
Figure 4.2: Simplied model of OpenACS and .LRN
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The fact that .LRN is a community-oriented toolkit has inuenced and shaped it into
what it could be called a \communication oriented LMS". Most of the current LMSs focused
at the beginning of their existence on providing content management for teaching sta and
learners. .LRN, on the contrary, was conceived as a platform to facilitate communication
among all the dierent actors in a learning experience. Just as an example, ever since the
rst release, each .LRN user has a Web folder shown in the login page to include both
private as well as publicly accessible les. Each community of users has also its own area to
exchange documents. Also derived from the community-oriented nature of the tool, there
is a powerful user management model with rich functionality to handle groups of users and
permissions.
Another feature of .LRN is its comprehensive notication mechanism. The underlying
data model is object oriented, and each object may have a notication attached to it. Each
time an object is modied, the notication information is processed and the proper email
messages are sent. The user may choose to receive a notication whenever the objects in
the platform are changed. This is especially eective for forum messages, shared les in a
community, appointments, etc. The platform also allows each user to choose among instant,
hourly or daily batched notication, providing a very eective mechanism to interact with
the rest of the users.
But aside from these features, .LRN oers support for the most common specications
in e-learning. Course material can be uploaded in SCORM. The administrator uploads a zip
le with a SCORM package and the system installs its content in the common le storage
area of a class or a community. A portlet in the student area shows the links to enter a
special screen to visualise its content as well as its index. This SCORM support oers the
teaching sta to see the percentage of course material covered by each student.
Tests and quizzes are also fully supported in .LRN through the IMS Question and Test
Interoperability (QTI) format [81], where the supported version is 1:2. Exam questions
may be uploaded in this format as well as managed through the editing capabilities of the
platform. Exams present inside a SCORM package are handled seamlessly by the tool by
invoking the rendering engine and showing the content to the student. Teaching sta may
manipulate exam content, results and statistics within the platform.
Open Source Community
Both platforms (OpenACS and .LRN) have GPL license. Their open source nature allows
the code to be downloaded and modied. The documentation includes tutorials on how to
develop new applications, some of which will be available from the ocial CVS. Apart from
the CVS distribution of the code, a stable release of .LRN is regularly released. Current
.LRN version is 2.52.
As in most open source projects, there is a community around .LRN/OACS involving
more than 13,000 registered users. The community portal is itself based on this platform
and coordinates the interaction between developers, users, technical personnel employed by
higher education institutions and anybody interested on exchanging ideas, solutions and
information about the tool. Also, documentation is available in wiki format, with regular
updates on the content.
Users
The following institutions are a reduced sample of the type of environments in which this
platform is currently being used (see [100] for a more detailed list including case studies):
2Checked on 2011-01-22
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Harvard Univ. Executive Education Project. An e-learning platform was required to
provide the best combination of exibility, enterprise-class foundations, strong user
base, and cost-eectiveness. After deployment, the project director acknowledged that
.LRN provided \a huge head start toward what we wanted, plus support for things we
didn't originally anticipate".
University of Heidelberg. The platform was chosen due to its licence that reduced the
total cost of the virtual campus; and its exibility, which helped on the development
of case-specic features. Currently, the system has 30,000 members, where an average
of 3,000 daily users is supported.
Vienna Univ. of Economics and Business Admin. It is one of the largest .LRN in-
stances. It serves around 20,000 users, contains 26,000 learning resources, and averages
600 concurrent connections.
Universidad de Valencia. This university required a platform to support its conventional
teaching for 40,000 users. After surveying platforms such as Moodle, ATutor, WebCT
and ILIAS, their choice was .LRN due to its combination of scalability and extensibility.
Spanish National University for Distance Education (UNED). Both research and
production are the reasons why this institution chose .LRN. The aDeNu research
group have integrated adaptability and accessibility to the system. On the other
hand, currently hosting of the virtual campus is providing service to 55,000 users with
an average of 4 million transactions per day.
4.2.3 Implementation issues
GRAIL (Gradient-lab RTE for Adaptive IMS LD in .LRN) was the rst implementation of
the IMS LD specication fully built as part of a LMS. Considering Figure 4.2, the tool was
conceived to be used in the context of a community. Consequently, GRAIL is implemented
as an OpenACS module while the user interface is only oered to .LRN users. Some of the
player requirements match with the existing LMS functionalities, where their reuse facilitates
the implementation process. Figure 4.3 emplaces GRAIL in the .LRN architecture.
Figure 4.3: GRAIL on the simplied architecture model.
The community orientation of .LRN inuences GRAIL so that UoL instances (called
runs) are accessed from a community and the participants are selected among its members.
A user in IMS LD is directly mapped to a user in .LRN. Therefore, all users within a
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community (with their permissions) are automatically considered as potential users of a
UoL. The attachment of users to a run is described in Section 4.2.5.
A signicant part of the IMS LD specication is based in the use of roles; therefore, role
management is one of the most relevant issues to be addressed when implementing a run-
time environment. The .LRN platform contains a user/permission model which lent itself
nicely to the implementation of role management. A role may have several role instances
derived from it. These instances are mapped to the concept of sub-groups within .LRN.
Group management also considers nesting, thus oering the perfect match to implement
role nesting within the users of a UoL.
The object-oriented data model of OpenACS provides versioning capabilities to all ob-
jects. When the UoL is imported by the player, resources are stored as objects and therefore
support new revisions. The design decision was to make use of the versioning system to sim-
plify future improvements of the player, such as edition features. Such capability was used
to provide runtime exibility to courses, as described in Sections 4.3.3 and 4.3.4.
As described in Section 3.3.2, services are tools whose behaviour should be interpreted by
the deployment platform. The supported services by GRAIL are conference (asynchronous
and announcement types), send-mail and monitor. Support for index service was declined
due to the lack of real use of this element in existing examples.
Functionality of communication oriented services, conference and send-mail, was reused
from existing OpenACS modules: forums and bulk-mail respectively. In particular, the
functionality to create several forums within a community oers the perfect underlying
support to implement the conference service: when created in .LRN, forums are only visible
to the users of the community in which they are instantiated. Since GRAIL is used in the
context of a community, only people enrolled in it are able to join the discussions. These
forums may be used with dierent management policies. Each role must then be able to join
the forum with a dierent set of permissions. The user types included in the specication
are: observer, participant, conference-manager and administrator. All of them are mapped
into .LRN existing permissions.
Whenever a run of a UoL containing a forum is created, a new forum instance is also
created. At this point, no user has access to the service, therefore it is invisible. When the
users reach an activity where the forum must be used (that is, the environment contains the
asynchronous conference service) their role membership is checked and the right permissions
are assigned to the forum becoming visible in the user space (as any other forum in .LRN)
even once the course has nished. Although not part of the specication, forums in .LRN
support some extra functionality, for example, email notication for new posts, moderation,
etc.
The level B of the specication denes the behaviour of the imsldcontent. An imsldcon-
tent resource is a XHTML document containing elements to visualise and obtain a property
or a group of property values. These elements are included in the document through the
use of a dierent XML name-space. The run-time environment needs to detect the presence
of such elements and perform two types of operations. If the element is of the view-property
type, its content must be replaced by the current value of the specied property. If, on the
other hand, the element is of type set-property, its content needs to be replaced by a form
in which the user may introduce a value which will later be assigned to the given property.
Also, these documents may contain elements with condition-controlled visibility classes. Al-
though these classes are not part of the IMS LD specication, a mechanism needs to be
implemented to deal with them.
The approach followed in .LRN consists in modifying the stored resource and creating a
temporary le which is then delivered to the user browser. This processing is done entirely
by the server. GRAIL manages this task by using the tDOM library, which oers a very ef-
cient DOM implementation [179]. This tool provides an ecient environment to transform
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imsldcontent elements into its correct XHTML to be delivered to the users.
An alternative for this server based approach using tDOM would be to delegate this
task into the browser and use the Extensible Stylesheet Language Transformation (XSLT)
or JavaScript DOM manipulation. However this solution would have browser compatibil-
ity problems dicult to solve (e.g. XSLT support, or the use of unsupported JavaScript
libraries) and would increase the user requirements, so the decision was taken to perform
this process entirely at the server side. Furthermore, in a client-side approach, the browser
is responsible for hiding or showing content. This means that all the content is delivered to
the browsers and experience users could view content when they were not supposed to.
The specication describes how conditions evaluation must lead to a newly calculated
activity tree containing only those resources visible for a user and/or a role. Properties
and conditions may be related with arbitrarily complex dependencies and, when a property
value is changed, all conditions referring to it need to be evaluated. In GRAIL, the run-
time environment stores the dependency relationship between properties and conditions.
The initial value of all conditions is obtained when a new run of the UoL is instantiated.
From that point on, when a property changes its value, only the related conditions are
re-evaluated.
At parse time, conditions are stored in the database as dened in the UoL description,
with their XML code. Condition evaluation amounts to parsing this XML replacing prop-
erties by their corresponding values. This scheme oered a simple implementation at a
negligible computing cost and facilitates a hypothetical edition of conditions when an error
is detected.
4.2.4 Integration with additional .LRN tools
The integration of IMS Learning Design and SCORM is still a pending issue discussed in
Section 3.5.1. At a basic level, it is possible to take advantage of the combination of these two
specications. GRAIL supports the inclusion of a SCORM package as one of the resources
of the UoL. Once it has been identied as a SCORM resource, the LORS OpenACS module
is invoked and it takes care of the visualisation of its content packaging structure.
The inclusion of QTI resources, labelled as described in [150], is also managed by GRAIL:
support for QTI through the Assessment package is oered in .LRN. Its treatment is similar
to the one described for SCORM resources: if an activity includes a QTI-labelled set of
questions, the rendering engine is invoked and its result is shown to the user. The platform
then stores the received answers and returns the proper feedback to the user (as stated in the
QTI specication). Figure 4.4 depicts how interaction among IMS LD, QTI and SCORM is
achieved in GRAIL.
The possibility of sharing a common space for documents and folder is available in .LRN
through its package called le storage. Combined with the permission model, it allows users
to share documents among dierent groups, communities, courses or even have their own
private space. An usage of such facility is to store all the resources present in a UoL. Thus,
course resources can be accessed both through the GRAIL interface and the folder-based
interface of the le storage. To prevent users from accessing still unavailable content (e.g. its
corresponding activity has not been reached by the user), resources are initially unreadable
and the right permissions are committed when the corresponding activity is reached.
4.2.5 The course life-cycle in GRAIL
GRAIL was conceived and developed as a IMS LD player. That is, the course life-cycle
phases considered by this tool are deployment and enactment. Course authoring is dele-
gated to the existing tools able to produce packaged UoLs such as Reload or Collage (see
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Figure 4.4: GRAIL management of QTI and SCORM resources.
Figure 4.5: GRAIL interactions with existing .LRN services.
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Section 3.3.3 for more authoring tools).
As well as other .LRN tools, GRAIL provides two user interfaces: the administration
tool and the end user's access. The end user's interface is devoted to support the enactment
phase, while the administration interface is used in the deployment and enactment phases.
In other words, it is the course administrator who performs the UoL deployment. In .LRN,
the teacher is who usually holds the administration privileges. For the purpose of this
subsection, the terms teacher and administrator are indistinctly used.
GRAIL reuses .LRN functionality and stores the resources from the imported UoL into
the LMS le storage, which in turn uses the content repository provided by OpenACS. The
use of this existing functionality provides several advantages:
 New revisions of the material can be easily uploaded while older versions are not
deleted.
 Resources are provided with a granular permissions system.
 The material can be accessed through the GRAIL user interface or using the folder
view of the le storage.
Figure 4.6: IMS LD course administration page.
The rst step to operate IMS LD courses in GRAIL is to import the Unit of Learning zip
le. The tool then uses the tDOM library to validate and parse the content of the manifest
le. If the manifest is correct, the administrator is prompted to load the elements of the
manifest in the database thus creating a so called Packaged Course. A packaged course is
the representation of a UoL loaded in GRAIL that needs to be instantiated in order to be
enacted. When a Packaged Course is instantiated, then an enactable Course is created and
showed as in Figure 4.6.
The relationship between a Packaged Course and a Course could be expressed with the
analogy of object oriented programming, where the Packaged Course is a class and the
Course is the instantiated object. The steps required to create a runnable course in GRAIL
are depicted in Figure 4.7.
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(a) The rst step is to upload the package le.
(b) The administrator is prompted with information. (c) The manifest is parsed and resources loaded.
Figure 4.7: Steps required to deploy and instantiate a Unit of Learning.
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Once instantiated, a course can reach one of the four possible status: waiting, active,
nished and deleted. The course starts in the waiting status, which means that the course
instance exists but the participants have not been registered for the course. When the
course has been populated, it becomes active and the participants start interacting with
course material. The nished status is reached when the completion condition is satised.
When a course is in the nished status, the course material is still available but the engine
does not track the interactions. Apart from these three statuses that are dened in the
specication, GRAIL introduces the possibility to set a course into the deleted status, with
which the course is removed from users' interface.
The instantiation of a packaged course results in a course that needs users in order to
become active. The GRAIL player is conceived to be used in the context of a community of
users and these are the users who are candidates to participate in the instantiated course.
That is, the members of the community in which the UoL is imported are the potential
course participants.
Depending on the role structure and the number of students in a course, the task of
creating role instances and assigning users to roles can be confusing. Providing an intuitive
interface for this task was identied as an important requirement for GRAIL. Figure 4.8
shows a screen capture of the user interface for this task, where role management is pre-
sented as a matrix where columns are the roles and the students are the rows. The course
administrator just has to check the cells to establish the relation between a user and a role.
This interface hides the concept of role instances to the end user and provides a more com-
prehensive interaction. There also exists the possibility of using an interface that better
ts the specication terms. The advanced interface (Figure 4.9) shows restrictions for role
creation such as maximum or minimum number of students per instance. This information
is obtained from the UoL description.
Figure 4.8: Role administration page.
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Figure 4.9: Advanced roles administration interface
Once the course reaches the active status, it can be accessed from the user interface. The
course visualisation divides the screen in three dierent areas: the activity-tree, the related
links and the material. The activity-tree is a set of structured links to the course activities.
When a new activity becomes available, then the activity-tree is refreshed including the new
link. When course participants click on a certain activity, the activity description is shown
in the material area, while the related links area presents the set of links that, according to
the environment associated to the activity, contextualized the realization of the activity.
A screenshot of the typical course visualisation is shown in Figure 4.10. There is a
clear separation among the layout and the content of GRAIL's interface, where the layout
is determined by CSS stylesheets and the content is provided by a carefully tagged HTML
code. The benet is the possibility of customising the layout on its very detail by just using
a dierent CSS stylesheet, which is already supported in GRAIL.
The administrator's interface provides features beyond the course enactment. Among
them, the most relevant one is the so called cockpit, a set of tools where the teacher is
allowed to track students and edit certain aspects of the course. For example, it is possible
to include new activities or modify their completion conditions. These features provide some
exibility to IMS LD courses that is discussed in Section 4.3.
In case that the practitioners want to use in a dierent platform a course that has been
modied with GRAIL, the export functionality allows to obtain a zip le of the UoL. If
the course has not been modied, then the exported course will be identical to the initially
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Figure 4.10: Course view in GRAIL
imported le. On the contrary, the exported package of a modied course includes its
changes an also complies with the IMS LD specication. With the editing features and
export capability, the linear structure of the course life-cycle presented in Figure 3.2 turns
into a real cycle (see Figure 4.11). The feedback obtained during enactment allows course
authors to improve the course material for future course replicas.
Figure 4.11: Course life-cycle with the edit and export features of GRAIL
4.3 Enactment exibility
IMS Learning Design was built on the basis of reusability and interoperability and allows the
execution of complex pedagogical models. With these two assumptions, the specication was
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expected to be widely adopted by the e-learning industry but, years after its publication,
these expectations have not been accomplished. One of the reasons of this low impact on
real scenarios is the lack of the exibility promoted by the model. Despite it is not imposed
by the specication, current supporting tools favour the division of the course life-cycle in
three isolated phases. The result of this division is a lack of exibility that hinders the
adoption of the specication.
The analysis of exibility in the context of IMS LD and the development of solutions
are presented as part of this dissertation [180]. The proposed solution allows instructors
to react to unexpected situations in a way that the pedagogical model of the course is not
aected by introduced changes. Flexibility was included as a GRAIL feature and has proved
its usefulness in experiences such as [181, 182, 183].
4.3.1 Denition of exibility
There is no agreement of the meaning of exibility in the context of learning. In several
works, the term is related to the possibility the platform oers to be used anywhere, any-
time [184]. Thus, a course is said to be exible if it allows course participants to interact
with peers in with no place or time restrictions. The benet of exibility dened as such is
that the potential range of lectures is broader, and that conversations can continue over the
time. This denition of the term is more related to ubiquitous computing (then, ubiquitous
learning) than to an approach to course ow modelling.
Another use of the term is given in [185], where the authors claim that the students follow
dierent strategies, have dierent motivation and prefer dierent content types. Through the
study of the student's behaviour, they concluded that each of them require to be supported
by dierent materials. That is, course exibility is used as a synonym of adaptability, where
a exible course delivers dierent material or activities depending on user prole. Other
authors also use the term in the \adaptive" sense ([186, 187]).
Pierre Dillenbourg studied the term in the context of scripted learning ows. According
to him, exibility impacts the course life-cycle at its dierent phases [74]. On the one
hand, course authoring is exible if the scripting language provides means to express the
instructors' hope. IMS Learning Design claims to accomplish enough authoring exibility
so that it is able to capture many dierent pedagogical models with the same vocabulary.
The specication summarises this feature with the term \pedagogical neutrality". On the
other hand, there is a dierence between the interactions expected to appear in a course
(the planned script) and what happens once the script is deployed and enacted (the actual
interaction pattern). Flexibility is then related with the options that course participants
have to tackle with this distance. The IMS LD specication does not provide any mean to
reach enactment exibility, nor restricts players to do so. In other words, the players are
responsible to provide exibility to IMS LD courses.
In the rest of this section, exibility will be used as in the last denition: the options
that the enactment platform provides to modify course characteristics and then tackle with
unexpected events.
4.3.2 The need of runtime exibility
There are several reasons for including exibility as part of scripted learning courses. First,
the risk of over-scripting: during authoring, it is almost impossible to nd the threshold
from which a higher degree of coercion results in a lost of eciency of course material.
Moreover, dierent scenarios may have dierent thresholds for this parameter. For example,
students in higher education tend to be more self-taught when they are on higher courses.
In such sense, the same pedagogical pattern would require a dierent degree of coercion for
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being applied for freshmen or for experienced students. Flexibility of course material allows
adjusting the constraints so that they adapt to the actual scenario.
In general, a course that is being enacted needs some degree of adaptation in order to be
adjusted to actual scenario parameters. In collaborative learning, for example, the success
of an activity usually depends on groups having the right number of components and being
composed of the right user proles. If the number of students does not match with the
required situation, which actually happened in the experience described in Section 7.4, the
course should allow the activity to be substituted by a dierent one with the same - or
similar, at least - pedagogical objective.
Being the course adapted to the actual scenario, there is still room for unexpected events.
On the one hand, statements may lack of clarity or even contain mistakes. In such case,
the tutor would need to make the text more understandable, so he/she will need to rewrite
the content. On the other hand, there are a countless number of unpredictable events. For
instance, an activity may require being postponed due to illness of participants, technological
problems or bad performance in a given session. Therefore, exibility allows teachers to
tackle with such unpredictable situations that may aect the eciency of the course.
According to [74], teachers are responsible of the changes performed during the enactment
phase. Therefore, they should be conscious of what can be modied and what cannot. Some
constraints of the course are essential to accomplish the original pedagogical intentions and
they should not be overruled. Constraints are classied in two dierent types: intrinsic,
which are bound to the core mechanism of the script; and extrinsic, which are imposed by
other factors like involved technology. In IMS LD driven courses, these restrictions translates
in the following possible changes:
 Changes in material: Modications like rewriting a paragraph, modifying an image or
including further explanations about a topic are the most frequent required changes
and it is unlikely that they broke intrinsic constraints.
 Changes in course ow: Structural modications such as including, moving or deleting
activities require to be careful, since these changes may aect termination conditions
of the overall ow.
 Conditions edition: This is the most problematic type, because changes may introduce
bugs in the course (innite loops, unreachable states) which are not desirable in a live
course.
Solving the above exibility drawbacks in IMS Learning Design is still an open issue to
be addressed by compliant tools. The next two sections are devoted to explain GRAIL's
improvements on this area.
4.3.3 Flexible learning ow
A compliant player that covers all IMS LD features will allow enacting the ready-to-run
packages loaded by the users. In these courses, teachers are enabled to track students'
progress, but only to the extent provided by the monitor service if it is included in the
course. The tracking facilities of this monitor service are based on the properties: teachers
can track students as long as they can view what their property values are. The creation of
monitor services requires a deep understanding of the specication and, as well as the rest
of the course, is limited to what course authors decided to support.
In GRAIL, the administrative functionality has been incremented with an interface re-
ferred to as the cockpit. This cockpit implements the functionalities of the monitor service,
and extends this service with tracking and edition capabilities. Unlike the monitor, the
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Figure 4.12: Link to the cockpit enabled for instantiated courses.
cockpit is not included during authoring and every course running in the platform has their
corresponding cockpit. As shown in Figure 4.12, it is accessed through a link that is enabled
when the course gets the active status. The features of the cockpit are described as follows:
Management of property values
The monitor service, as dened in IMS LD, requires an imsldcontent-typed resource that
explicitly indicates what properties are going to be tracked. It is also required if the teacher
should be able to read or write this value, with the view-property or set-property elements,
respectively. There are situations in which the course author did not consider a property
value to be relevant, but the enactment reveals that it actually is. To tackle this situation,
the cockpit allows all the properties in the course to be administered.
For representation purposes, properties are classied depending on their scope, as de-
picted in Figure 4.13. Global and local properties are shared for all course participants so
the property value is the same for all of them. On the contrary, global-personal and local-
personal properties are instantiated for each course participant, so their property values are
not necessarily the same. The cockpit contemplates this characteristic and, when personal
properties are selected, allows indicating to whom the shown properties belong (see Fig-
ure 4.13). Similarly, local-role properties are replicated once per each existing role, and the
cockpit prompts the administrator to decide the role to be tracked.
Figure 4.13: Properties representation in the cockpit.
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Each property generates a form whose initial record is the property value. Thus, the
property can be read and modied by simply changing the value and pressing OK. As with
properties in the course content, the modication of a property results in the re-evaluation
of the corresponding conditions. This feature enables teachers to act on behalf of students
if the situation suggests so (as in the case of the experience in Section 7.4), remove unfair3
penalties imposed to students or manually adapt the course ow (as in the case of the
experience described in Section 7.3).
User tracking
The IMS LD specication allows creating ne-grained learning ows and to impose condi-
tions to the dierent paths. It does not provide, however, a method that allows the teacher
to track which student is following each path. Again, all the tracking facilities rely on the
monitor service, whose expressiveness is insucient for the purpose. The cockpit in GRAIL
provides two types of reports that support the teacher while tracking student's progress.
The rst of the reports is activity-centred. That is, presents a table (presented in Fig-
ure 4.14a) with all the students who have accessed an activity. More specically, the in-
formation shown for each student is the rst access to the activity and, if the activity has
any completion condition, the timestamp of the completion event. The second type of re-
port, shown in Figure 4.14b, is student-centred: presents a table with all the activities ever
accessed by a student, with the corresponding rst access and nalisation dates.
The use of activity reports is especially relevant when is the teacher who leads the pace
at which the students work, so he/she can wait for all group members to have nished
certain activity to activate the next step. In collaborative learning ows, this reports help
to identify which of the teammates is more active on the course, or if a certain student is
getting the benet without developing his/her corresponding task.
Learning ow modications
Under certain circumstances, the cockpit allows course administrators to add activities to,
or delete from, the learning ow. These particular circumstances are:
 The activity is part of a structure. This condition was imposed because, given the
GRAIL implementation, the addition of activities out of a structure was dicult to
implement.
 The act in which the activity is going to be added has not been yet enacted. This
condition prevents for unstable course states to appear.
It is also possible to modify existing environments by adding, editing or deleting their
learning objects. Since these resources or services can belong to an external entity, there is a
chance for them to change, which would signicantly aect the course intrinsic constraints;
by having the ability to manage these items, the learning sta is able to tackle issues like
the one described.
The addition of new learning objects to the environment and activities in the learning
ow also allows the course to be \alive": for example, the tutor can incorporate yesterday's
news as readings, which possibly engages students more than older news would do. This
functionality also allows teachers to react if the course context suggests a new activity to be
included.
3For example, a student who was sick and whose absence was punished
4.3. ENACTMENT FLEXIBILITY 61
(a) Activity-centred report.
(b) Student-centred report.
Figure 4.14: Cockpit reports for students' tracking.
62 CHAPTER 4. SUPPORT FOR IMS LD IN .LRN
Conditions establishment
As termination condition for an activity, IMS LD allows to specify a period of time after
which the activity is supposed to be marked as nished. It is not realistic to expect this
condition to be always applicable. There could be, for example, a holiday period that forces
the activity to take longer than expected. In these cases, the course constraints require the
run time engine to provide certain degree of exibility.
GRAIL allows modifying the termination condition of any activity so the course can be
adapted to the actual scenario. The interface for completion conditions edition is shown in
Figure 4.15.
Figure 4.15: Interface for the edition of completion conditions.
4.3.4 Flexible content
Content in IMS LD usually takes the form of Web content, i.e., any content that can be
rendered by a Web browser. The most common used format is HTML, but there is still room
for multimedia content in the shape of ash applications, Java applets, images, videos, etc.
According to the de facto course life-cycle, content is created during the authoring phase,
and delivered at the enactment. However, as discussed in Section 4.3.2, it is very likely for
the content to include mistakes or inappropriate material. Such problems commonly arise
during enactment, when the material is no longer modiable.
GRAIL provides two dierent means to update course material once the package has
been imported and the course is being enacted. It is up to the course administrator to select
which of the allowed methods are preferred. We will refer these methods as the le-storage
and the xoWiki.
The le-storage method consists in a simple le substitution. As viewed in Section 4.2.3,
GRAIL handles the UoL resources with a repository that can be browsed through a folder-
view. Thanks to the versioning system oered by the OpenACS toolkit, content les can be
replaced at the time that they keep their unique identier, so the IMS LD player does not
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perceive any dierence. The versioning system also allows recovering older versions of a le.
This edition method was used in the experience presented in Chapter 7.3.
The simplicity of the le-storage method may be a double-edged sword. On the one
hand, substituting the le with the new version is the only required action. On the other
hand, the creation of the new version of the content require the use of an external authoring
tool and poses the teacher to the need of knowing the lename that corresponds to a certain
activity. In practice, le substitution requires to know the structure of the content, which
is known by the course author but not necessarily by the teacher. As a consequence, the
method is appropriate when the author and the teacher are the same person, but it is not
so useful in other cases.
The other method to edit content is based on xoWiki, the wiki platform embedded in
the OpenACS toolkit. The functionality can be summarised as follows: during the package
import, the content is translated to wiki format, so this tool is in charge of storing and
rendering the material. When the teacher needs to modify some content, he or she just
access to the corresponding activity and clicks the \edit" button. The modications are
done in wiki format, whose simplicity does not require users to be trained.
The wiki allows performing modications in the content without requiring previous
knowledge of the UoL nor advanced computer skills. However, this is at the cost of the
introduction of a new requirement: a permissions system. To understand this requirement,
let's have an example: a UoL with several student roles but no teacher role is loaded in the
platform. Then, when the course has been instantiated and populated, a aw in the content
is detected. Which role is allowed to edit the content? For the sake of the understandability,
we have stated that the teacher is enabled to make changes but, is the teacher the only
allowed role? What if there is no teacher role?
There is no unique solution for the above question. GRAIL makes use of the underlying
permissions system so that write access is granted for roles and subroles of type teacher,
while roles and subroles of type student have read permissions. The possibility of modifying
these settings is provided within the cockpit, so that the course administrator controls who
can and who cannot modify the content. Figure 4.16 shows the permissions manager in the
cockpit.
Although it was not the aim of such development, the introduction of wiki behaviour on
the UoL content opens new learning scenarios that were not possible without such function-
ality. For example, a teacher could intentionally include errata in course material, so the
students are expected to nd and x them. There, the teacher has the opportunity to revise
the wiki history, so he/she can see who did the change.
The content edition features, joined to the course ow edition ones, allow the runtime
environment to behave like a collaborative authoring tool. In such scenario, the case of use
could be described with the following steps:
1. With the help of an external authoring tool, a UoL with no content is created. Such
UoL should contain the skeleton of the nal course and should link to empty les used
as resources.
2. The skeleton UoL is uploaded in GRAIL, and xoWiki is selected as content manager.
3. The course is instantiated and populated by the forthcoming authors, who access the
activities and create the material.
4. When nished, the course can be either played in GRAIL or exported in a dierent
UoL.
Such collaborative-authoring-tool scenario, as well as other wiki based activities, has not
been tested with real experiences and it is therefore dicult to identify its drawbacks.
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Figure 4.16: Permissions manager for UoLs that use xoWiki.
4.4 Conclusions
This chapter presented the issues that arose during the implementation of the GRAIL run-
time environment of IMS LD, implemented as part of the .LRN platform. The development
of a complete player from scratch is a dicult project that, having the availability of already
existing players, required to be justied with forthcoming benets over the alternatives. In
the case of GRAIL, the high modularity of the Web toolkit that supports the overall plat-
form promotes the quick implementation of extra functionalities through the reuse of existing
modules. Such capability allowed integrating the IMS LD player with the typical functional-
ities of a community (le-storage, notications, forums, etc.) and with the already existing
support for e-learning specications (SCORM, QTI). As a result, GRAIL is a IMS LD
player that complies with the specication and provides extra functionality that improves
the learning experience.
It is noteworthy the support of runtime exibility that enable teachers to tackle with
unexpected situations that may arise during the course enactment. The lack such exibility
is precisely one of the major limitations of IMS LD and prevent practitioners to adopt the
specication for its regular use. GRAIL allows introducing modications both in the course
content and the learning ow, so that the course enactment has a fair enough exibility
degree. Furthermore, the use of the .LRN wiki capabilities for the content edition enables
new scenarios such as the use of GRAIL as a collaborative authoring tool, or the use of the
edition capability as a pedagogical resource in learning courses.
Chapter 5
Service integration in IMS LD
courses
Talk is cheap, show me the code.
Linus Torvalds
5.1 Introduction
Our relationship with information and content has been radically shifted from the situation
where the user is a content consumer, to one where the users' interactions produce and use
this content. The scenario can be described with a Stephen Downes quote: \Web 2.0 is not
a technological revolution, it is a social revolution" [23]. Marc Prensky introduces the term
digital natives [188], and asserts that attention and learning skills of users who have grown
in the computer era are dierent shaped than in digital immigrants.
In this scenario where users' interaction prevails over other activities, it is desirable to
take advantage of the inuence of Web 2.0 tools and include their use in teaching/learning
processes. As discussed in Section 2.2, this inclusion would enrich existing pedagogical
methods, specially those based on collaboration and information sharing.
The simple execution of learning activities does not necessarily produces learning. In
order to accomplish a complete learning experience, activities are required to be orchestrated
with a pedagogical sense. Dierent orchestration methods are described in Section 3.6.
Among them, the most promising one and the de facto standard for learning orchestration
is IMS Learning Design, described in Section 3.3.
However, one of the common critiques to the IMS LD framework is the lack of integration
of learning tools in the activity ow. A proper solution would oer a method to eectively
integrate Web 2.0 tools in the context of IMS LD courses. The dierent proposed alternatives
are exposed in 3.5. Among them, there is no solution that does not restrict the integration
to a given type of tool, at the same time that allows exchanging information between the
learning ow manager and Web 2.0 tools.
The main proposal in this dissertation is the denition of a framework that complements
IMS LD so that it allows the integration of third-party tools (called, in this context, external
services) without restraining the pedagogical neutrality, reusability, self-containment, adapt-
ability and collaborative features of the orchestration method. The proposed framework is
called Generic Service Integration (henceforth GSI) and allows the integration of web based
tools that comply with some minimun requirements in the context of IMS LD.
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GSI is a layer that mediates the communication among IMS LD and the external services.
The architecture is based on its modularity, so that the integration of dierent services is
realized by dierent service adapters easily plugged to the GSI layer. Service integration
impacts the whole course life-cycle and introduces new requirements in courses enactment,
specially devoted to authentication issues.
The rest of this chapter is devoted to introduce the GSI proposal. The rst Section
(5.2) gives an overview of the model and details how service integration is managed in the
dierent phases of the course life-cycle. Due to its relevance on the integration, identity
and authentication issues are discussed in Section 5.3. The model has been implemented as
part of GRAIL, the IMS LD player in .LRN. The implementation details and the developed
service adapters are presented in Section 5.4, as well as a step-by-step guide to develop new
adapters. Finally, in Section 5.5 it is discussed how the model provides the functionality
without restraining the pedagogical neutrality, reusability, self-containment, adaptability
and IMS LD.
5.2 Generic Service Integration
The Generic Service Integration (GSI) framework allows the integration of Web tools in
the context of IMS LD courses. The proposal is based on the IMS LD specication: GSI
elements are included in the manifest and their inclusion impacts the complete course life-
cycle. Thus, the orchestration of activities is done by the IMS LD server, while the activities
can be performed in a dierent Web tool. In this chapter, integrable tools are referred as
external services, third-party services or simply services.
The relevance of service integration in learning ows was discussed in [189] and an earlier
version of GSI was published in [190, 191]. This section is devoted to explain GSI from
dierent perspectives: rst, an overview of the proposal captures the objective and work
philosophy, then the details of authoring, deployment and enactment are presented.
5.2.1 General description
The goal of GSI is to allow the use of Web tools as part of a UoL. The Web tools to
integrate can be provided by dierent vendors than the IMS LD player's provider. Any
existing Web-based tool that oers a API is therefore potentially integrable in a UoL via
GSI. The architecture and course life-cycle of GSI are dened so that UoLs maintain the
principal characteristics of IMS LD, which are described as follows:
Pedagogical neutrality. IMS LD is potentially capable of expressing a wide range of ped-
agogical methods for learning and this is one of the strengths of the specication.
The integration of services in IMS LD courses should not be restricted to a particular
learning/teaching method.
Reusability. The \write once, run many" philosophy reduces the cost of orchestrated learn-
ing courses and increases their quality. In order to promote reusability, the course
instantiation should be accompanied by automatic service instantiation,
Self-containment. All the information required to deploy and enact a UoL must be in-
cluded in the course package, so the dierence between two replicas of the course is
reduced to the minimum. In the case of external services it is not possible to package
the web server in the distributable zip le and services are included by means of their
description.
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Collaboration. As well as IMS LD provides roles to support collaborative learning ows,
the integration of Web tools should encompass this feature and provide the means to
transport the concept of role to the external service.
Adaptability. Properties and conditions support the development of adaptive strategies.
The use of runtime information to adapt the course content requires the framework
to provide bidirectional exchange of information with the external tool during the
enactment phase.
Generic Service Integration is not implementation dependant. The proposal has been
prototyped in GRAIL, it could be implemented on any IMS LD player where the only
requisite is being connected to the Internet1 in order to have access to the integrated services.
In fact, GSI could be easily extrapolated to other contexts (such as Moodle-based course
delivery) by transposing its ideas to the potential target framework.
Third-party tools are very heterogeneous: there exists domain-specic and general-
purpose services that can be used for very dierent purposes. The information they host
cannot be classied within a single taxonomy and there is no open standard followed by all
of them. Therefore, it is practically impossible to develop a plug and play technology that
connects all existing tools and that requires no adaptation for the particular cases. The
approach taken in GSI is the use of service adapters that translate the particular API of
third party tools to a format understandable by the IMS LD player. That is, each integrated
tool requires the development of a case specic adapter. With the aim of avoiding an unaf-
fordable methodology of service integration, one of the design principles in the development
of GSI was that the implementation process of new adapters must be as simple as possible.
Service integration should not increase the diculty of the course authoring process,
which is recognized as one of the weaknesses of IMS LD (see Section 3.3.3. Therefore, the
vocabulary provided to describe third-party tools in the manifest has been kept simple, even
at the cost of providing less expressiveness. The inclusion of third party tools increases the
diculty of the course authoring phase but keeps it into reasonable margins, so that this
increment is justied by the benets provided by service integration.
The Generic Service Integration framework follows a \early-dening, late-binding" ap-
proach that impacts the complete course life-cycle: the requisites of the Web tool are dened
in the course authoring, the deployment phase is complemented with the need of selecting
the more appropriate tool, and the enactment allow human and programmatic interactions
with the selected tool. Figure 5.1 depicts the GSI behaviour through the course life-cycle.
During the authoring phase, course authors may decide that one activity must be per-
formed using a certain Web tool. Then, the course author creates an environment and
includes a genericService as the element of this environment. The genericService is used
to describe the characteristics that the required tool should oer. This description is given
in a generic manner, without specifying a specic tool but specifying the requirements im-
posed to the tool: supported permissions, functionality, allowed methods, etc. When the
UoL is being deployed, the genericService element is detected and the more adequate tool
is selected among the available ones, which are the tools explicitly supported by means of
an installed service adapter. This fact provides some exibility degree to the deployment
proccess, because dierent instances of the same course could be supported by dierent
third party tools. For example, one tutor prefers the use of Wikispaces for the support
of collaborative document creation, while another tutor may prefer Google Docs. Both of
them can use their prefered tool and the course still holds its intrinsic characteristics. The
external tool is then instantiated (e.g. an empty document is created) and the URL that
links to the created instance is placed in the environment that contains the service. During
1Strictly speaking, IMS LD compliance do not require being connected to the Internet.
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Figure 5.1: GSI behaviour through the course life-cycle.
the enactment, course participants interact with the service accessing this link, while the
IMS LD player exchanges information with the external tool and stores it in properties so
that they can be used in conditions.
GSI service adapters use the proprietary API (or whatever access method) oered by the
external tool as a mean to access the service information. According to GSI, the external
tool always takes a passive role in the information exchange and behaves according to the
requests coming from the IMS LD server. The underlying idea is that the accessed service
requires no modication to be integrated in the course, and the service adapters use the
existing features to satisfy as many GSI features as possible.
5.2.2 GSI vocabulary
When the course author decides that a certain activity needs the support of an external
tool, he/she usually thinks in a specic tool from a specic vendor. For instance, the use of
Google Docs to collaboratively create a document. However, the author does not know the
platform where the course will be enacted so he/she ignores the possible restrictions. For
example, it may happen that an institution hosts tools that provide the same functionality
oered by Google and internally promote the use of these self-provided tools.
In most cases, the unavailability of a certain tool can be overcome by substituting it with
a similar one. In other words, the author is thinking on a certain tool but he/she really
needs the functionality, not the specic vendor. For example, the functionality of Google
Docs can be substituted by a dierent wiki provider without severely impacting the learning
ow. GSI allows course authors to describe services by their functionality, at the same time
that permits recommending a given vendor in case it is available.
Even without considering external services, course authoring in IMS LD is recognized to
be a challenging task for practitioners (see Section 3.3.3) and it does not seem reasonable to
increase the complexity of the process with the inclusion of new features. Considering this
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recommendation and the above discussion, it is clear that the vocabulary provided by GSI
should be versatile enough to dene any type of tool and simple enough so that it does not
increase the complexity of the authoring process.
The vocabulary oered by GSI has two main parts: the service denition and the estab-
lishment of a relationship between a property and the information from the external service.
The latter is a simple XML element, while the former is a complex type with several sub-
elements. The root element of such complex type is called genericService . This subsection
details the structure of such element and supports the explanation with fragments of the
XML schema. Figure 5.2 depicts the datamodel of a genericService.
genericService
IMS LD denes the environment as \a collection of specic objects and services needed to
perform the activity" [6]. In this denition, the term service refers both the tools dened
by IMS LD (see Section 3.3.2) and any other tool that could be included to support the
activity.
The code in Listing 5.1 is a fragment of the IMS LD schema. It shows that the serviceType
(the element that is placed inside an environment) supports native services (i.e. grp.service)
and the inclusion of any element from another namespace (i.e. grp.any). The genericService,
the service type dened by GSI, is therefore placed inside an environment.
The genericService (schema code listed in Listing 5.2) is composed by six sub-elements,
where the most relevant ones are groups, tool and constraints that respectively dene who
will take part in the service, what the required functionality is and how will it be used.
The title and description are needed for runtime representation purposes. The alternatives
element is a container of references to other services and/or learning objects to be used
in case the enactment platform cannot select a service that complies with the requisites
specied in the tool element.
groups GSI denes a group as a reference to exactly one IMS Learning Design role, as
stated by the schema showed in Listing 5.3. That is, establishes who the user of the service
is. Any other reference to service users made inside the genericService must refer to a group
element, instead of a IMS LD role.
This redundancy between groups and roles aims at the reusability of service denitions.
The idea is to keep at the minimum the inclusion of IMS LD elements in the GSI service
description, so that the service can be easily reused in another UoL, or in another scenario
not based on IMS LD.
1 <xs:complexType name=" serv iceType ">
2 <x s : c h o i c e>
3 <xs :group r e f="grp . s e r v i c e "/>
4 <xs :group r e f="grp . any">
5 <xs : annota t i on>
6 <xs :documentat ion xml:lang="en">This p l a c eho ld e r can be used
to import e lements from another namespace . The namespace
f o r the imported element must be de f ined in the ins tance ,
and the schema must be imported .</ xs :documentat ion>
7 </ xs : annota t i on>
8 </ xs :group>
9 </ x s : c h o i c e>
10 . . .
11 </xs:complexType>
Listing 5.1: "Schema of IMS LD serviceType"
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Figure 5.2: Complete GSI datamodel.
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1 <xs : e l ement name=" g en e r i c S e r v i c e ">
2 <xs:complexType>
3 <xs : s equence>
4 <xs : e l ement maxOccurs="unbounded" minOccurs="0" r e f=" t i t l e "/>
5 <xs : e l ement maxOccurs="unbounded" minOccurs="0"
r e f=" d e s c r i p t i o n "/>
6 <xs : e l ement r e f="groups "/>
7 <xs : e l ement r e f=" t oo l "/>
8 <xs : e l ement r e f=" c on s t r a i n t s "/>
9 <xs : e l ement maxOccurs="unbounded" minOccurs="0"
r e f=" a l t e r n a t i v e s "/>
10 </ xs : s equence>
11 <xs :a t t r ibuteGroup r e f=" a t t r . i d e n t i f i e r "/>
12 <xs :a t t r ibuteGroup r e f=" a t t r . i s v i s i b l e "/>
13 </xs:complexType>
14 </ xs : e l ement>
Listing 5.2: "Schema of genericService"
1 <xs : e l ement name="group">
2 <xs:complexType>
3 <xs : s equence>
4 <xs : e l ement r e f=" t i t l e " minOccurs="0"/>
5 <xs : e l ement maxOccurs="unbounded" minOccurs="0"
r e f=" d e s c r i p t i o n "/>
6 <xs : e l ement maxOccurs="unbounded" minOccurs="1" r e f=" ld r o l e "/>
7 </ xs : s equence>
8 <xs :a t t r ibuteGroup r e f=" a t t r . i d e n t i f i e r . req "/>
9 </xs:complexType>
10 </ xs : e l ement>
11 . . .
12 <xs : e l ement name=" ld r o l e ">
13 <xs:complexType>
14 <xs :a t t r ibuteGroup r e f=" im s l d : a t t r . r o l e r e f . req "/>
15 </xs:complexType>
16 </ xs : e l ement>
Listing 5.3: "GSI groups denition"
tool The tool element describes the functionality that the external service should accom-
plish and includes the functions that should be supported by the service, the permissions
that will be applied to the participants, and the human readable description (see Figure 5.2
and Listing 5.4). Course authors use the description to provide an explanation of the tool
they are expecting. The keywords are a set of tags that completes the denition of the
service and the deployment platform can use them to lter the available adapters during the
tool selection.
The requirements specied in the tool element should reect the optimal conguration
of the service. That is, the activity was conceived to be performed with all the specied
features, but a subset of them should be enough to successfully perform the activity. In the
worst case, the selection of a service that does not acomplish with the required features could
result in the loss of the intrinsic characteristics of the activity. A more detailed analysis of
the implications of service selection are discussed in Section 5.2.3.
The functions element is used to specify what methods should be supported by the
service. For the sake of simplicity, there are four allowed methods: deploy, close, set-values,
modify-permissions. GSI provides guidelines of how these methods should behave, but the
actual behaviour of the verbs is given by the service adapter. Section 5.2.6 provides more
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1 <xs : e l ement name=" too l ">
2 <xs:complexType>
3 <xs : s equence>
4 <xs : e l ement r e f=" t i t l e " minOccurs="0"/>
5 <xs : e l ement r e f=" d e s c r i p t i o n " minOccurs="0"/>
6 <xs : e l ement r e f="keywords"/>
7 <xs : e l ement r e f=" func t i on s " minOccurs="0"/>
8 <xs : e l ement r e f=" permi s s i ons " minOccurs="0"/>
9 </ xs : s equence>
10 </xs:complexType>
11 </ xs : e l ement>
12 . . .
13 <xs : e l ement name=" func t i on s ">
14 <xs:complexType>
15 <x s : a l l>
16 <xs : e l ement r e f="deploy " minOccurs="0" maxOccurs="1"/>
17 <xs : e l ement r e f=" c l o s e " minOccurs="0" maxOccurs="1"/>
18 <xs : e l ement r e f=" set va lue s " minOccurs="0"/>
19 <xs : e l ement r e f="modify permi s s i ons " minOccurs="0" maxOccurs="1"/>
20 </ x s : a l l>
21 </xs:complexType>
22 </ xs : e l ement>
23 . . .
24 <xs : e l ement name=" permi s s i ons ">
25 <xs:complexType>
26 <xs : s equence>
27 <xs : e l ement maxOccurs="unbounded" minOccurs="1" r e f=" permis s ion "/>
28 </ xs : s equence>
29 </xs:complexType>
30 </ xs : e l ement>
31 . . .
32 <xs : e l ement name=" permis s ion ">
33 <xs:complexType>
34 <xs : s equence>
35 <xs : e l ement r e f=" ho lder "/>
36 <xs : e l ement r e f=" ac t i on "/>
37 <xs : e l ement r e f="data"/>
38 </ xs : s equence>
39 <xs :a t t r ibuteGroup r e f=" a t t r . i d e n t i f i e r "/>
40 </xs:complexType>
41 </ xs : e l ement>
Listing 5.4: "GSI tool denition"
details on how the service adapter can provide the concrete meaning to these methods.
 The deploy method is used to instantiate the service, returning an URL. A service
that cannot be deployed is always accessed through the wide-scope URL of the service,
instead of the case-specic URL of an instance. For instance, the deploy method in a
wiki tool could be the creation of the original empty page.
 The close method is used to tell the service that no more activity should be allowed in
the instance. Following the example of the wiki, close could mean that the instantiated
page should be no longer available.
 set-values is used to send content or conguration parameters to the service. Dierent
services will support dierent data types, so the set-values element must be accom-
panied by the mime type that corresponds to data being sent. For example, the wiki
example could support the text/plain type and use it to set the initial data of the wiki
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page.
 modify-permissions is used change the users' rights during the enactment. The allowed
changes are among those dened in the permissions element.
In IMS LD, course participants with dierent roles are assigned with dierent tasks, even
if the task must be performed within the same tool. It is therefore required the capacity
of the service to allow the assignment of dierent rights to the dierent users. In GSI,
the element that tests the potential granularity of authorization is called permissions. The
structure of permissions (depicted in Figure 5.3) is explained as follows: the goal is to
determine if it is possible for the holder to develop a given action over certain data, where
the holder is a group2, the action can be admin, write or read, and data is determined by
its type (contribution or context) and its owner (a GSI group).
Figure 5.3: GSI permissions denition.
For instance, if the course author decides that the students can only write on the wiki
instance of their own team, but they can read all other instances. Then, the permissions
will be expressed as in Listing 5.5. The contribution and context types are respectively used
to refer data which belongs to the user and data which is related to the user but not owned
by him/her.
The actions are dened incrementally so that admin implies write and write implies
read. The interpretation of these verbs is case-dependant. That is, these terms have an
abstract meaning, while the actual rights related to them may vary on dierent services.
These verbs are capable of capture most of the privileges that can be assigned to a user.
The case-sensitivity of the vocabulary is also applicable to the types of data: context and
contribution. The former refers to the data that is related to the user, but has not been
generated by him or her, the latter is the data directly generated by the user. Again, these
two nouns dene most of data types.
2A group in GSI corresponds to a role in IMS LD
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1 <permis s ion>
2 <ho lder>
3 <group r e f r e f="group s tudents "/>
4 </ ho lder>
5 <ac t i on type="wr i t e "/>
6 <data datatype=" con t r i bu t i on ">
7 <owner>
8 <group r e f r e f=" s e l f "/>
9 </owner>
10 </data>
11 </ permis s ion>
12 <permis s ion>
13 <ho lder>
14 <group r e f r e f="group s tudents "/>
15 </ ho lder>
16 <ac t i on type=" read"/>
17 <data datatype=" con t r i bu t i on ">
18 <owner>
19 <group r e f r e f=" a l l "/>
20 </owner>
21 </data>
22 </ permis s ion>
Listing 5.5: "Example of GSI permissions"
The simplicity of the vocabulary that describes permissions has been chosen due to the
requisite of keeping the complexity of course authoring into reasonable margins. Despite
its simplicity, the combination of the three verbs and the two nouns is able to dene a
wide range of situations, while the actual requirements of services are usually much simpler
than that. As stated in Section 5.2.6, the service adapters' documentation is in charge of
explaining the concrete mapping among these terms and their actual meaning in the service.
constraints While groups dene who will use the service and the tool states what features
should the service accomplish, the constraints element is intended to dene how and when
the service will be used. The possible constraints (shown in Listing 5.6) are life-span, the
triggers and multiplicity.
The life-span denes the duration of the service availability, expressed according to
ISO 8601 [192], where the format of duration is PnYnMnDTnHnMnS. For example,
\P2Y6M5DT6H30M10S" represents a duration of two years, six months, ve days, six hours,
thirty minutes, and ten seconds. Shorter durations are expected for learning courses, so
PT30M represents thirty minutes and P2D represents two days. If the deploy method is
used, the time slot starts when the service is deployed. Otherwise, the time slot starts when
the Unit of Learning starts being enacted.
When the course is enacted, the IMS LD player reacts to some events such as the com-
pletion of an activity or the modication of a property. The triggers element denes the
events whose reaction is the execution of a GSI command. This element also denes which
is the command to execute and the parameters to use. A GSI command can be triggered
by four dierent events: the deployment of the service (startup-action), the completion of
a IMS LD activity (on-complete-action), the accomplishment of a IMS LD condition(on-
condition-action) and the closing of the service (nish-action).
Note that the on-complete-action contains a reference to a IMS LD element. That is,
this reference links to an element dened out of the genericService and thus has to be taken
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1 <xs : e l ement name=" con s t r a i n t s ">
2 <xs:complexType>
3 <xs : s equence>
4 <xs : e l ement maxOccurs="1" minOccurs="0" r e f=" l i f e  span"/>
5 <xs : e l ement r e f=" t r i g g e r s "/>
6 <xs : e l ement r e f=" mu l t i p l i c i t y "/>
7 </ xs : s equence>
8 </xs:complexType>
9 </ xs : e l ement>
10 . . .
11 <xs : e l ement name=" t r i g g e r s ">
12 <xs:complexType>
13 <x s : a l l>
14 <xs : e l ement r e f=" startup ac t i on " minOccurs="0"/>
15 <xs : e l ement r e f=" f i n i s h ac t i on " minOccurs="0"/>
16 <xs : e l ement r e f="on complete ac t i on " minOccurs="0"/>
17 <xs : e l ement r e f="on cond i t ion ac t i on " minOccurs="0"/>
18 </ x s : a l l>
19 </xs:complexType>
20 </ xs : e l ement>
21 . . .
22 <xs : e l ement name="mu l t i p l i c i t y ">
23 <xs:complexType>
24 <xs :a t t r ibuteGroup name=" a t t r . mu l t i p l i c i t y type ">
25 <x s : a t t r i b u t e name=" type" use=" requ i r ed ">
26 <xs :s impleType>
27 <x s : r e s t r i c t i o n base=" xs : token ">
28 <xs :enumerat ion value="one per group"/>
29 <xs :enumerat ion value="one per user "/>
30 <xs :enumerat ion value="one f o r a l l "/>
31 </ x s : r e s t r i c t i o n>
32 </ xs :s impleType>
33 </ x s : a t t r i b u t e>
34 </ xs :a t t r ibuteGroup>
35 </xs:complexType>
36 </ xs : e l ement>
Listing 5.6: "GSI constraints denition"
into account if the service denition is going to be reused3.
The multiplicity refers to the number of required service instances. There are three
possibilities: one-for-all, if all the course participants will share the same instance; one-
per-group, if the instance is shared by members of the same role; and one-per-user, if the
instances have individual scope.
external-value
In IMS LD, the adaptation of content is based on the so called properties, which are tested
by conditions and may result on the show or hide action of a piece of content. Thus, to base
the adaptation in certain information, it is rst required to store this information into a
property. The external-value element is used to retrieve such information from the external
service.
The values retrieved from the external service vary from one tool to another, so that
it is not possible to point to the exact data. Instead, GSI oers a simple vocabulary that,
in conjunction with case specic adapters (see Section 5.2.6), allow the retrieval of specic
data with a generic nomenclature.
3A similar thing happens with GSI groups and IMS LD roles
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1 <xs : e l ement name=" exte rna l value ">
2 <xs:complexType r e f=" externalValueContentType "/>
3 </ xs : e l ement>
4 . . .
5 <xs:complexType name="externalValueContentType ">
6 <x s : c h o i c e>
7 <xs : e l ement r e f="custom value "/>
8 <xs : e l ement r e f=" cont r ibut i on value "/>
9 <xs : e l ement r e f=" context value "/>
10 </ x s : c h o i c e>
11 </xs:complexType>
12 . . .
13 <xs : e l ement name=" context value ">
14 <xs:complexType>
15 <xs :a t t r ibuteGroup name=" a t t r . contr ibContext . req ">
16 <x s : a t t r i b u t e name=" s e r v i c e r e f " type="xs:IDREF" use=" requ i r ed "/>
17 <x s : a t t r i b u t e name="owner" type="xs:IDREF" use=" requ i r ed "/>
18 <x s : a t t r i b u t e name=" po s i t i o n " type=" xs :nonNegat ive In tege r "
use=" requ i r ed "/>
19 </ xs :a t t r ibuteGroup>
20 </xs:complexType>
21 </ xs : e l ement>
Listing 5.7: "GSI external-value denition"
The external-value element, whose content is shown in Listing 5.7, can be placed inside
the IMS LD property-value element. The course author assumes that the service will oer
the information as an array of untyped data, and that the dierent values are accessed
through the position parameter.
The service may oer several arrays, depending on the type of value requested: contri-
bution, context and custom are available types. The rst two, contribution and context,
have the same denition given for the data types in permissions. As well as in permissions
denition, they also can point to the data of a certain owner.
The custom type corresponds to data that can be manually labelled in the external
service with a given tag, so that \custom data" means \data labelled with the proper tag".
The custom value allows marking data during the enactment, in case the needed information
was not available during the authoring.
One of the design principles of the framework is to keep at the minimum the inclusion
of IMS LD elements in GSI ones and vice versa. The model detailed in this section shows
three linkage elements, explained in Table 5.1.
5.2.3 Service selection
Service descriptions, given by the vocabulary presented in Section 5.2.2, are stored in the
manifest and packaged with the rest of the Unit of Learning. Services are described in a
generic manner: instead of imposing a specic tool, the vocabulary describes the function-
ality that is expected. Course authors are allowed to complete this generic description with
a recommendation of a specic tool, but the availability of the recommended service during
deployment is not guaranteed.
Based on the service description included in the UoL, the runtime engine must select a
service that matches the given requirements. The keywords list is used to delimit the set of
services candidates to be used. The next step is to select the most apropriated service and,
depending on the capabilities of the runtime engine, this selection can be automated or may
require manual intervention.
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Element Relationship Description
genericService imsld environment contains
genericService
The service is not the activity,
is a tool that supports the ac-
tivity.
group a group refers to a single role The GSI description always
refers to the group, instead of
the role.
on-complete-action on-complete-action refers to
an activity, structure or act
GSI triggers can be executed
when the referenced elements is
completed.
external-value property-value contains an
external-value
The value of a property is ob-
tained from the external ser-
vice.
Table 5.1: Link points between GSI and IMS LD elements.
In the developed prototype, the adapter selection is performed when the Unit of Learn-
ing is being imported: the platform detects the presence of a genericService element and
redirects the teacher (or the person who is uploading the course) to the service conguration
page (Figure 5.4). The teacher should select the adapter that best matches the expected
functionality among the available ones (Figure 5.5).
A service adapter is a piece of software that performs the information exchange between
the external service and the GSI layer, which communicates with the IMS LD workow
engine. As shown in Figure 5.6, the platform can have several installed adapters that are
independent among themselves. In the deployment phase, the IMS LD engine needs to
instantiate the service, so it is rst needed to select the proper adapter.
When the service adapter has been chosen, the selection is used for all course instances
of the same UoL. That is, the service selection process is only required when the course
package is imported, regardless the number of instances that this UoL will generate. There
could be cases where it is required the use of dierent service adapters in dierent course
instances. In those cases, the same course package should be imported as many times as
dierent services are needed.
Immediately after the selection of the adapter, and before the service is instantiated,
the next step of the course life-cycle is prepared and the act zero is created. The act zero,
explained in detail in Section 5.2.4, is the method used by GSI to let course participants to
take part in the conguration process, in case they are required.
More than one service can be included in the same Unit of Learning. In this case, the
course is not ready to be enacted until all the genericService have been properly related to
their corresponding adapters.
The GSI framework does not guarantee the selected service adapter to t the require-
ments imposed by the course. The deployment platform is responsible of making a good
selection. In the developed prototype, the responsibility relies in the person who imports
the course, usually the teacher. In all the experiences developed for the purpose of this dis-
sertation, the service has been eectively selected with the expected functionality. However,
it could happen that the chosen service does not match the expected functionality. In this
case, the activity that depends on the external service will not be successfully performed
and the pedagogical sense of the learning ow will be compromised. The development of
methods to guarantee the feasibility of the selected adapters is therefore of the greatest
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Figure 5.4: Screenshot of the service conguration page.
importance, and should be discussed in future works (see Section 8.2).
5.2.4 Service conguration
In the course life-cycle, the deployment phase is devoted to instantiate all services and
resources in order to allow their interaction with course participants. This interaction occurs
in the enactment, which is said to be started when the course participants rst access to the
course.
However, the conguration of third party tools usually requires manual intervention of
all course participants (see Section 5.3), so they should take part in the course deployment.
This intervention of course participants during service conguration presents a problem to
platform administrators: the conguration interface is usually only available for administra-
tors, while course participants can only interact with the course instance when all resources
and services have been allocated. The goal then is to allow non-privileged users to par-
ticipate in course conguration without letting them access the administrator interface nor
creating a new specic user interface, which would decrease the tool usability.
The adopted solution in GSI was to include the so called zero act, which is a set of
activities that are presented to the user as if they were part of the course activities, but
they do not belong to the original UoL. If required, a GSI service can include one or more
activities in the zero act. These activities are similar to other regular ones, but they are not
part of the pedagogical ow, they are used to congure the required external services and
have been included in the activity tree by service adapters. Thus, the actual course begins
when the zero act nishes.
To introduce the zero act, the GSI framework redenes the course life-cycle by including
a new phase called pre-enactment that includes the zero act. The pre-enactment is dened as
the phase that starts when the course instance is created but services have not been instan-
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Figure 5.5: Screenshot of the available adapters list conguration page.
Figure 5.6: Layered architecture proposed by GSI.
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Figure 5.7: Adapter compatibility report presented to the teacher.
tiated, and nishes when course participants have performed their requested conguration
tasks and the service instances have been created.
The zero act is created and inserted in the course by the service adapters. In other
words, zero acts are case-specic and the conguration activity depends on the adapter to
be congured. GSI imposes the following rules for the zero act creation:
 Only one zero act is allowed in a course. If the Unit of Learning contains two services
or more, all of the adapters will include their conguration activities in the same act.
 The activities to be performed in the zero act must be included in a structure of the
sequence type. If the Unit of Learning contains two services or more, there will be one
structure per each adapter to congure.
 The activities of the zero act must be linearly delivered to the user. Neither loops nor
adaptation are allowed in this activities. All the activities in the zero act are manually
nished by the user (in the same manner as regular activities whose completion rule
is user-choice.
 Not all the roles are required to participate in the activities of the zero act. The service
adapter must indicate which roles take part in the activities, which depends on the
permissions established in the genericService denition of the course.
 The activities in the zero act are dened by dynamic Web pages (typically php or tcl
scripts), which are provided by the adapter's software. It is allowed for activities to
include an environment with one or more learning objects, which must also point to
dynamic Web pages provided by the adapter's software.
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 The service adapter must chose a \leader role", whose zero act completion triggers
the nalization of the act for all roles. This feature prevents the actual course to
be blocked if one participant does not perform his/her corresponding conguration
activities.
There could happen that a given service do not require any activity in the zero act. In this
case, the service is instantiated when the course instance is created and the pre-enactment
phase does not appear.
There are two types of administrative tasks that may occur in the zero act. They
are authentication and manual conguration tasks. It follows an explanation of these two
activity types:
Authentication
During the enactment phase, as it is explained in Section 5.2.5, the IMS LD platform request
information from the external tool and use it to assign property values. This information is
susceptible to be owned by course participants (e.g. the number of entries inserted by each
user in a wiki page) so the information retrieval requires the corresponding permission.
The information needed to allow the IMS LD platform to access into the external service
is owned by the user, and it is completely private. Course participants should not reveal
their credentials, so it is not possible to automate the authentication and authorization
process. The zero act includes the activities where the IMS LD platform is authorized by
the user to access certain information in the external service. A discussion of the possible
solutions is given in Section 5.3.
Manual settings
Service adapters oer a functionality that depends on the external service to integrate. The
function of the adapter is to translate the information retrieved from the external service
into something understandable by GSI. That is, an array of property values. To perform
this task, service adapters use the method oered by the external service which is, in most
cases, a proprietary API.
There are some cases in which some kind of action or information cannot be performed
or retrieved through the proprietary API and it is only available via the human interface.
In those cases, manual intervention can be required from course participants. For example,
the API used in the adapter presented in Section 5.4.1 allows uploading a document to the
external service, but does not allow creating a form based on this document, so this task
needs to be done by hand.
The zero act contains the activities where course participants have to develop such type
of conguration task. Is the developer of the service adapter who decides if it is worth to
insert a manual conguration activity or if the piece of information or functionality should
be discarded.
5.2.5 Behavior during enactment
A GSI service is included in the course as part of the environment element described in
the IMS LD specication. Therefore, the tool is not an activity by itself, but a mean to
perform the actions specied in the activity description. The service is shown to the user as
an additional link placed in the corresponding environment. During the enactment phase,
when course participants perform their activities, the IMS LD engine interacts with the
external service in two dierent ways (see Figure 5.8).
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The rst type of interaction is programmatically conducted. IMS Learning Design denes
when conditions must be evaluated: at the beginning of a course, when a property value
has changed, or when an activity is nished. We refer to these moments as events. If
the evaluation of a condition is true the course reacts by changing the value of a property,
changing the visibility of any activity, or by completing an activity. The GSI model extends
this interaction as follows:
 The course may react to an event by sending a command to the external service.
Thus, the conguration of a service can change depending on course events. The
allowed commands (detailed in Section 5.2.2) are deploy, close, set-values and modify-
permissions.
 IMS LD properties can take their value from the external service, instead of local
information. The information is retrieved by the external-value mechanism that can
be used whenever a property value is refreshed.
The second type of interaction is directly derived from the users' activity. The course
material contains a set of hyperlinks to local and external resources. The course partici-
pants use these links to access the service and perform the requested activities. Their actions
are supervised so that they can be processed and values assigned to properties. Addition-
ally, the regular interaction of students with local resources also produces events that are
programmatically processed by the engine.
When the GSI compliant platform interacts with the third-party tool, the data exchange
that takes place has certain considerations with respect to the user privacy. An in-depth
discussion of this aspect can be found in Section 5.3.
Figure 5.8: Interactions between the IMS LD/GSI engine and the external service.
5.2.6 Translation of the generic generic vocabulary to a case specic
behaviour
In GSI, service descriptions are given in a generic manner. That is, the vocabulary is
composed by abstract terms whose meaning vary depending on the actual context where
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they are applied. A service description needs to be tied to a specic service in order to be
completely meaningful. Some of the GSI vocabulary elements do not depend on the actual
service. For example, the triggers dene when functions will be executed, regardless of
the actual behaviour of the triggered function. There are others whose meaning completely
depends on the selected service. These case-dependant elements are enumerated in Table 5.2.
The table is supported by the example of a service that provides wiki functionality. More
examples of adapters are given in Section 5.4.
Element Abstract meaning Example of case-specic
meaning: a wiki document
functions
deploy Allow the creation of instances Each document is an instance.
To create an instance is to up-
load a new document.
close The availability of instances can
be turned o
The document cannot be mod-
ied anymore, but can still be
read.
mime-type Data should be sent with the
given format
text/plain data is inserted as
document content. All other for-
mats are discarded.
permissions
write Users can modify the data Is only considered when used
with contribution type. Users
can edit the text in the wiki doc-
ument.
admin Users can modify and manage
the data
Is only considered when used
with context type. Users can edit
the tool settings.
contribution Data that has been included by
the user
The user's text.
context Data that is part of the user
workspace
The tool settings: aspect,
max. number of simultane-
ous users, merge policies, save
history(y/n), etc.
external-
value
contribution Data that has been included by
the user
In this order: document's text
(text/plain); num. of user's con-
tributions; % of user's contribu-
tion
context Data that is part of the user
workspace
In this order: num. of contribu-
tions; num. of contributors
custom Data labelled with a given tag Do not used in this adapter.
Table 5.2: Example GSI elements meaning in the context of the adapter.
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The selection of the adapter is performed by the IMS LD platform during the course
deployment, as described in Section 5.2.3. The accuracy of the choice will depend on how
detailed is the documentation of the service adapter, because the election is performed after
a comparison among the genericService requirements and the adapters documentation.
The adapter development process is based on the use case that the service will support.
That is, a service adapter is created to use the service in a certain manner. This development
method implies that:
 Dierent services are supported by dierent adapters, even if the external services
share a common proprietary API. Thus, the meaning of GSI elements diers from one
adapter to another.
 The documentation should include a human understandable explanation of the use
case supported by the adapter.
 More than a single use case can be related with the same service. In this case, the
adapter developer decides how to face the situation: a unique adapter can provide
support to all the use cases, with the consequent increase of usage complexity; or
dierent adapters can support the dierent use cases, thus increasing the complexity
of service selection.
Despite here is no restriction on the development of an adapter that supports several
use cases, the design of the framework, development of the prototype and implementation
of existing service adapters have been focused in the case where adapters support a single
use case. The recommendation for adapters' development is to follow this latter approach.
5.3 Identity and authentication issues
The integration of third-party services in IMS LD described learning ows allow the inclusion
of Web 2.0 tools (and therefore Web 2.0 based pedagogical models) into e-learning material.
By accessing external tools, course participants can perform learning activities with domain
specic tools. Furthermore, if data about the user interaction is obtained from the third-
party service, the following material in the learning scenario can be adapted.
Programmatic access to external services is usually implemented using proprietary Ap-
plication Programming Interface (API) oered by the third-party service provided. This
type of access does not require user's intervention and does not generate any user session.
However, user's data retrieval may be aected by privacy policies restricting the access to
data unless the explicit approval by the user is obtained. This fact poses a severe restriction
on the described scenario, which can be summarized in the following question: How can
the service act on behalf of course participants without aecting their privacy and with no
disruption on the learning ow?
This section analyzes the problem of external user management. The proposed solution
decomposes the problem into smaller parts where a simpler solution can be applied. The
analysis of the problem and the proposed solutions are part of a publication developed within
the context of this dissertation [193].
5.3.1 Correspondence of identities
If a Unit of Learning needs external service's data to adapt its appearance or content, the
IMS LD server must pragmatically retrieve and store this data. Furthermore, there are cases
in which the retrieved data is not related to a given user, but to a more generic environment.
For example, the number of times a given resource has been used, or the resource with the
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highest ranking according to participant's votes. The opposite case appears when the data
belongs to a single user, for instance, the last comment posted from the user in the external
service.
The latter presents a challenge to the IMS LD server because the user already has
a unique identier in the local server (e.g. john@LDserver.com). But, assuming he has
already been registered in the external service, which is the identier that corresponds to
the same person? As shown in Figure 5.9, the local server needs to nd the correspondence
between these two identities, so that it is able to retrieve the remote user data and relate it
to the proper local user. It may happen that the same person used the same email address
to register in both servers. However, it is not necessarily the case, so a procedure to nd
correspondence of identities needs to be dened.
Figure 5.9: A case of use that describes the identities correspondence problem.
Again, the ideal solution where the entire process is automatic requires metadata that
associates the accounts in both servers. However, this is not the common case. It follows a
discussion of the possible procedures to solve the problem.
The straightforward approach is to prompt the user for her username in the external
service. Despite its simplicity, this solution presents some drawbacks:
 Each service included in the UoL introduces one additional activity in the course ow
(establish this correspondence). This addition of activities may slow down the course
itself, and could result in a negative eect from the point of view of the cognitive
load [194].
 Course cannot start until all participants have indicated their external username. It
means that if a user does not perform the activity, all the scheduled activities are de-
layed. Course ow could include alternatives to avoid the problem, but its complexity
increases as the number of students grows and hinders the authoring phase.
OpenID is an authentication system that allows a unique, distributed identity to be used
on any compliant server [195]. A person who has an OpenID account can use it as registration
information in dierent services, instead of having several usernames and passwords. This
system can be used to nd correspondence between users in the scenario: if both the IMS
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LD platform and the external service provide authentication with OpenID, it is guaranteed
that the same identier corresponds to the same person.
However, this solution also presents some drawbacks, namely:
 There is no restriction in the number of OpenID accounts held by the same person.
It is possible for the same person to have dierent identiers in dierent servers. A
manual step to conrm correspondence is still needed but it is much less restrictive
than in the previous case, because no user action can be considered as the acceptance
of the correspondence and does not block the course ow.
 The catalogue of Web tools that have adopted OpenID restricts the number of available
services to be included in a UoL.
The third solution, based on the use of OAuth [196], provides a way to nd this cor-
respondence and authorize the access user data both at the same time. This solution is
discussed in Section 5.3.2.
5.3.2 Authentication for data retrieval
A service that oers data through the public API must ensure that the other party owns
the corresponding privileges. Typically, the owner of the data (the student) must actively
grant access to her data.
The IMS LD server could prompt students for external service's login and, additionally,
password. The privacy problem is clear here: there is no reason for users to reveal their
password to anybody. In the hypothetical case in which the user trust the IMS LD server
and facilitates her data, security problems such as man-in-the-middle attacks [197] rely on
eavesdropping an insecure channel and if this takes place during the authentication phase,
the attacker is able to gain access to the user credentials. As a result, storing the user
credentials for the external site in the IMS LD server is not recommended either because it
compromises these credentials.
The most suitable solution is to use the authentication protocol known as OAuth [196].
The use of such protocol requires the following steps:
 The requester agent, in this case the IMS LD server, initiates the OAuth negotiation
with the external service. As a response, the external service provides a request token
to the IMS LD server. The external service will also provide a token secret to be used
together with the request token.
 The IMS LD server then redirects the user's browser to a previously set URL, hosted
by the third-party service. If the user has not started a session in the service yet,
there will be a redirection to a sign-in form; and after the user introduces the proper
credentials, a request to allow access to the IMS LD server is presented.
 When the user agrees to allow the IMS LD server to access the information stored in
the external service, the IMS LD server receives an access token, which diers from
the rst one in that it is an authenticated token, and it can be used as proof of
authentication to retrieve data from the external server.
 In the next interactions between the IMS LD server and the external service, the
IMS LD server uses both the access and the secret tokens. The external service is
then able to validate if the tokens are correct and if they belong to the owner of
the requested data. If these conditions are met, then the external service serves the
requested information.
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A graphical representation of these steps is shown in Figure 5.10. In this example, the
IMS LD server wants to retrieve information belonging to user John, which is provided by
an external service called generic (G). In the worst case, John would have to provide the
credentials he uses in service G to the IMS LD server; instead of this, service G oers an
API with authentication performed through OAuth. Therefore, John allows service G to
provide his information to the IMS LD server through the authentication OAuth token.
This token, stored and used by the IMS LD server, is implicitly related to John's identity
on the third-party service. That is, the correspondence between identities has also been
established, implicitly solving the problem stated in Section 5.3.1.
One of the disadvantages of OAuth is the lack of granularity for privileges within its
permission system, since the only capability provided to the user is either to grant or not
all privileges to the IMS LD server. This low granularity implies that even if the IMS LD
server needs only read privilege to a small portion of information, it will be granted full
permissions, depending on the actions provided through the API by the external service.
Another drawback of OAuth is the constant lifetime of the authentication token. The
lack of exibility regarding the lifetime of the token aects in a special way those courses with
duration longer than the period of time in which the token will be available. In this scenario,
the learners would see their UoL interrupted at some point, since the communication between
the IMS LD server and the external service would need the token to be updated in order to
continue with the validation.
Figure 5.10: Exchange of messages between IMS LD server and external service to authen-
ticate user John.
5.3.3 Automatic user creation
As discussed in Subsection 5.3.1, there is a need to nd a correspondence of user accounts
between dierent services. This correspondence issue translates into a more specic problem,
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which is the automatic creation of a user account in the external service.
The previously presented problems rely on the assumption that the user has previously
created an account within the external service. Considering the amount of possible learners
involved in the UoL and the large number of external services available, it is very unlikely
that every learner will have an account in all the used external services.
Current anti-spam technologies, such as \captchas" [198], precludes the possibility of
creating user accounts automatically in the external service. Thus, a dierent approach is
required.
In a scenario where all services are controlled by the same authentication entity, such as
corporative platforms, this issue is not present. When using technologies such as LDAP or
ActiveDirectory, one credential allows access to all the services. However, this centralization
is what makes this solution less feasible for open and decentralized scenarios.
Consequently, a courseow paradigm opened to the Web 2.0 is assumed to require user's
intervention during the creation of their accounts. The goal is to minimize time consump-
tion during this process. The most feasible solution is the use of OpenID to delegate the
management of user accounts to a third-party service. An identity managed by an OpenID
provider is complemented by user's data, so that they can be used to create the desired user
account.
If both the IMS LD and the third-party service provide OpenID support, the OpenID
identier can be directly used in the creation of the account. The third-party service asks
the OpenID provider for additional user's data. The process nishes when the user herself
accepts the creation of the new account.
However, this solution presents diculties when used in an educational environment:
 Although the external server uses OpenID to authenticate users, it may require an
additional registration to match the OpenID with an account. As a consequence,
although the process for signing up is eased by the use of OpenID, the user needs to
deviate slightly from the instructional ow described in the UoL in order to register
within the external service.
 Some services may require more information than the one provided by the OpenID
provider, it is usually not possible to provide this information in an automatic way
through an API, therefore this has to be taken into account when choosing what
external service to use with the IMS LD server. Passing the fullment of this critical
information to the learner might bring problems during the execution of the UoL and
to the ow of the whole course in general.
5.4 Generic Service Integration in GRAIL
The support for the GSI model has been implemented in the GRAIL IMS LD player, which
has been used to deploy the experiences described in Chapters 6 and 7. According to the
rest of the underlying platform, the GSI support was developed with the tcl programming
language and postgresql was the database in use.
One of the GSI design principles, explained in Section 5.2.2, was to minimize the situ-
ations in which GSI elements include or refer IMS LD elements. The same philosophy was
followed in the development of GSI support: the impact of GSI specic code on the already
existing IMS LD code has been reduced to the minimum. The only points where existing
code has been substituted by GSI specic instructions are:
 The creation of the application datamodel, modied with the inclusion of GSI tables.
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 The manifest parsing, modied with the capability of managing genericService ele-
ments.
 The instantiation of a course, modied with the instantiation of the GSI service.
 The value assignment to a property, modied with support for the external-value type.
 The execution of a GSI command when an activity is completed.
 The rendering of the user interface, including the access to the service instance.
The rest of the implemented code is located in dierent les. Thus, GSI support is
developed in the same package but the code is clearly dierentiated from the rest of the
GRAIL code. This distinction emphasizes the relevance of a modular source code for its
maintenance or improvement.
A similar separation-of-concerns approach was taken in the development of the tool data-
model, which is a practical implementation of the abstract model depicted in Section 5.2.2.
Figure 5.11 depicts the relational datamodel used to store GSI objects in the postgresql
database.
In the implementation provided, adapters are not part of the GRAIL package. According
to the architecture depicted in Figure 5.6, service adapters are implemented as independent
software that can be added to and removed from the GSI module. Service adapters are
implemented over the OpenACS toolkit and its usage is meaningful when it happen in
the context of GRAIL courses and is mediated by GSI. The architecture is depicted in
Figure 5.12, which is constructed over Figure 4.2 from Section 4.2.2. The connection between
GSI and the service adapters is performed by an API that must be implemented by all
adapters. A design principle of GSI is to keep the development of new adapters as easy as
possible. Guidelines for such development are given in Subsection 5.4.3.
5.4.1 Google Forms and Spreadsheets
The rst service adapter developed for GSI is the support of Google Forms and Google
Spreadsheets. The adapter, called gSpread, aims at the provision of assessment functionali-
ties in the context of IMS LD courses.
Google Forms [199] is a Web tool oered by Google that provides an easy method for
questionnaires creation and management. Such tool oers an interface that allows the easy
creation and edition of Web questionnaires. The created questionnaires can be published so
that everyone who know the URL can access and provide an answer (no private publication
is allowed). The answers are stored in a spreadsheet hosted by Google Docs [200], owned
by the questionnaire creator.
Having this functionality, the case of use supported by the adapter is described as follows:
1. When the course is instantiated, a new Google Spreadsheet is created and owned by
the teacher.
2. The teacher is in charge of the questionnaire creation, usually with the help of a local
document with the questions. The questionnaire could also be included in the UoL
package so that its reuse is simpler.
3. Students can access to the questionnaire and they give their answers. The teacher can
access both the questions and the answers, so that he/she monitors if all the students
have properly answered. The adapter forces the inclusion of two elds in the students'
answer: their name and a security mark (i.e. a ngerprint).
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Figure 5.11: Database class diagram of GSI support in GRAIL.
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Figure 5.12: Architecture of the GSI support in .LRN.
4. The teacher operates the spreadsheet so that he/she nds a value that represents the
score obtained by each student.
5. The activity ow is adapted to the individuals depending on their obtained score.
The gSpread adapter supports the mime types text/csv and text/html. The latter is
used to set the questionnaire to be answered when it is packaged within the UoL. The
csv format is valid to set the elds (that is, values in the columns of the rst row) with
which the spreadsheet is created. The possible supported combinations are: the provision
no parameter, if the teacher must create the questionnaire from scratch; just the csv le,
if the questionnaire will be created online but the spreadsheet elds are predetermined; or
both mime types, when the questionnaire and the spreadsheet elds are provided within the
package.
The adapter has been designed to be used with one-for-all multiplicity. That is, the
same service instance is used by all course participants and only owned by the teacher. In
the typical supported case of use, the teacher has context-admin permission, which means
that he/she can completely manipulate the questionnaire and the students' answers. The
students should have contribution-write permissions, due to their only allowed action is to
answer the questionnaire. Other combinations are allowed, being their behaviour one of the
two described possibilities.
The treatment of the external-value element ignores the context modier and only con-
siders contribution and custom as valid modiers. The contribution modier returns the
last row of the user (including the answers to the questionnaire and the values calculated by
the teacher). The custom modier is used to return the users' cell whose value starts with
the given custom-tag (e.g. the cell that starts with \result").
Since the teacher is the only actor that actually uses his/her Google Account, the teacher
is the only role that is required to perform the act zero. There activities included in this act
are:
1. The IMS LD server will create and retrieve data from a teacher's spreadsheet, so the
teacher has to explicitly grant access to his/her account. Current implementation
of the adapter uses SubAuth [201], which is a proprietary protocol pretty similar to
OAuth.
2. Current Google API allows the creation of new spreadsheets, but do not allow to
programmatically create Forms. Therefore, the teacher has to manually create the
form and get the resulting URL. Additionally, the teacher decides if the he/she creates
the questionnaire from scratch or if he/she is going to use the HTML form provided
in the UoL.
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The gSpread service adapter has been used in the development of the experiences de-
scribed in Chapters 7.2 and 7.4, respectively published in [202, 182].
5.4.2 Delivery Platform
Delivery Platform is the name received by an application developed in the context of Sys-
tems Programming, a subject taught in the Telecommunications Engineering degree at the
University Carlos III of Madrid. The tool oers a web interface where the users can upload
a le with Java source code. Then, the Delivery Platform executes some pre-congured test
cases on the uploaded code and says if the Java source code passed the tests or not. Each up-
loaded le is classied by the name of the submmitters, their group, and the identier of the
test case to be executed. These three values are provided by the user when he/she uploads
the le. All results are stored and presented in a Web page that requires authentication.
The developed adapter, called delivery-platform, provides the opportunity to orchestrate
learning activities in which code tests are performed. The case of use supported by the
adapter is described as follows:
1. The teacher develops Java tests cases, whose execution will check if the functionality
of certain Java le is compliant with the requisites of the activity.
2. The teacher congures the Delivery Platform so that the developed test case is asso-
ciated with an identier.
3. Students access the submission formulary that corresponds to the congured test case
and upload their solution.
4. If the code success in the testing process, then the next activity of the course will be
available. Otherwise, the students have to revise their code and submit it again.
The service adapter allows the execution of the set-values method, which has the follow-
ing meaning: the text/plain mime type is used to establish the identier whose submissions
form will be retrieved. When the service is being instantiated, it is also allowed the use of
text/x-java-source or application/x-jar in order to congure the test case that will be used
in the service.
The service supports the three allowed multiplicities: if it is set to one-per-user, the
student will only pass the activity if he/she submits the right code. In one-per-group all
students in the same group pass the activity if one of the group members uploads a good
solution. When the multiplicity is one-for-all, just one good solution is enough to let all
students to pass the activity. Teachers are supposed to have admin-context permissions that
let them to submit code, view other results and download all submitted code. The students
can hold contribution-write permission that lets them to submit code and view their own
results or contribution-read if they are only able to view results. Other permissions are
ignored in the current version of the adapter. The data oered by the service is the result
that the student obtained in the last performed test. Thus, the position parameter passed
to the external-value element refers to the test case identier.
The delivery platform service adapter has been used in the development of the experience
described in Chapter 7.3 and published in [183].
5.4.3 Guidelines for adapters development
This section has explained the GSI architecture, the relevance of service adapters on the
overall model and has described two examples of already implemented services. GSI recog-
nizes the adapters as an essential part of the model. If the creation of new adapters poses
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a challenge to developers, then there will be never developed. Thus, the complexity of the
creation process should be reduced to the minimum.
This subsection summarizes the sequence of activities required for a successful imple-
mentation of new adapters. The text does not attempt to provide an extensive development
guide, which is out of scope of this dissertation, but a glance at the whole process.
1. Dene a use case for the service. Web 2.0 tools provide rich functionalities
whose educational use can be done in dierent manners. In order to simplify its
development, the adapter provides support for a single case of use. The rst task on
the implementation process is the denition of the case of use that will be supported.
If the adapter needs to support more than a single case of use, it is at the cost of more
complexity on its implementation and its use in courses.
2. Express the use case in terms of GSI. The vocabulary oered by GSI allows
describing how the service will be used. Thus, it should be clear how permissions,
functions, mime-types, oered data arrays and keywords are combined so that they
better describe the supported case of use. The mapping between human description of
the case of use and GSI elements provides a guide to developers in the implementation
of the source code.
3. Implement the actual code. Based on the case of use given at the previous steps,
code developers must provide an implementation of the methods given in Appendix A.
Since the existing implementation uses tcl, this is the language used in the Listing.
However, the methods could be easily extrapolated to other programming languages
if it is suggested by the underlying platform.
4. Write documentation. The last step is to provide a human readable description
of the adapter characteristics that will help course managers in the adapter selection
process. The human denition of the case of use and its expression with GSI vocabulary
should be reused in this step. The documentation should not be a guide for code
understanding, it is an explanation of how to use the adapter.
5.5 Discussion of the model
At the beginning of this chapter, in Section 5.2.1, it is stated that \A constraint imposed
to the model is not to break the following intrinsic characteristics of IMS LD: Pedagogical
neutrality, Reusability, Self-containment, Collaboration and Adaptability". After having
presented in detail the GSI model, it is worth to revise how the imposed constraint has been
satised. This section discusses how the model supports these characteristics.
Pedagogical neutrality. The GSI framework does not restrict the type of services that
can be used, with the only requisite of being available via Web. All services have the
same threshold to be used in learning courses: the implementation of the corresponding
adapter. Furthermore, the case of use of the adapter could be oriented towards the
support of a certain pedagogical method, or it can be neutral. It can be concluded
that the use of GSI does not narrow the range of pedagogical models allowed by IMS
LD.
Reusability. Lessons learned from the experiences described in Section 6.3 dictates that,
in learning courses, the bottleneck of reusability is the time spent in course replica-
tion. In other words, if there is a big eort required to enact another replica of the
course, the cost of deployment will not worth the potential learning benets. The
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GSI framework contemplates the possibility of automatic service instantiation. As
demonstrated in experiences described in Chapter 7, GSI-based course replicas can
be quickly instantiated so the bottleneck is overcome if there is a robust automatic
service instantiation.
Self-containment A course package is said to be self-contained if all the information re-
quired to successfully deploy and enact the learning ow is inside the package. In the
case of GSI, the service description is used to select the best service adapter, which will
be used in all course replicas in this platform. Thus, all course instances will behave
exactly the same, so the self-containment characteristic is also accomplished. In is also
possible to import the same course package in dierent platforms and select dierent
service adapters in each case. This is not a problem if both service adapters satisfy the
requisites imposed by the service description and therefore both course replicas can be
successfully enacted. However, if there is a bad service selection, it could happen that
some of the activities will not be able to be performed, and the support to the learning
ow will not be enough. Consequently, the self-containment characteristic depends on
the capability of the deployment platform to select the best service in each case.
Adaptability IMS LD support for adaptive content is discussed in [126, 127, 129, 130],
where the conclusion that properties and conditions are the vehicles to adaptation in
IMS LD. There exist some types of adaptation and the support of all of them requires
the use of properties. Therefore, if property values are set depending on external
sources of information, then the course ow adaptation will be able to be based on
the use of these external sources. Consequently, the ability to adapt course material
depending on the participants' behaviour on the external service is limited to the data
that can be retrieved from it. That is, the more data are contained in the data arrays
oered by the service adapter, the more ne grained adaptation can be implemented.
GSI support of adaptability depends on the case of use provided by the service adapter
and the data included in the oered data arrays.
Collaboration As discussed in some documented experiences (see [111, 117, 121] for a sam-
ple) and also conrmed by the experiences described in Section 6.3, IMS LD supports
the recreation of collaborative learning ows by means of roles and/or a proper use of
properties. The latter has been discussed in the previous point. Roles are supported
in GSI, where they are called groups. Dierent groups may receive dierent permis-
sions in the external service and, depending on the multiplicity, the actions performed
by teammates can aect the user's learning ow. Collaborative learning ows with
GSI service integration have been successfully deployed in the experiences described
in Chapters 7.3 and 7.4. Therefore, it can be said that GSI supports collaboration as
far as IMS LD does.
5.6 Conclusions
This chapter has presented the Generic Service Integration framework as a proposal that
allows IMS LD to integrate external services in learning courses. GSI oers a vocabulary
with three main parts: tool to dene what the characteristics of the external service are;
groups to dene who will use it; and constraints to specify how and when the service will
be used. External services are included in the IMS LD manifest le as a generic description
of requested features, emplaced in an environment of the UoL. This generic description is
translated into a concrete service during the course deployment phase. Then, the IMS LD
player is able to bidirectionally exchange information with the external service at course
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enactment, so the learning material can be adapted depending on students' behaviour on
the external tool.
The design of the GSI framework has presented two major challenges. First, the lack of
a common protocol that allows the communication with the external tools, which usually
oer proprietary APIs to provide their data. The proposed solution is an architecture based
on the use of service adapters, where these pieces of software are easy to implement and
plug in the system. The second challenge is the management of users' authentication within
the external service. The inclusion of the act zero allows users to grant access to their data
in the third-party tool, so that the IMS LD can programmatically retrieve this data without
the need of the users revealing their private credentials.
The GSI has been implemented as part of the GRAIL player, build over the .LRN
Learning Management System. Current implementation oers two service adapters (gSpread
and delivery-platform) that have been used in dierent learning experiences described in the
following chapters. The implementation also has allowed obtaining a quick and well-dened
adapter development process that allows new services to be easily integrated.
In summary, GSI allow the integration with external services without breaking the intrin-
sic characteristics of IMS LD: pedagogical neutrality, reusability, self-containment, adapt-
ability and collaborative capability.

Chapter 6
Motivating Experiences
The illiterates in the future will
not be those who do not know
how to read and write, but those
who do not know how to learn,
unlearn, and relearn.
Alvin Toer
6.1 Introduction
At the time that the work presented in this dissertation started, the state of the art regarding
the IMS LD specication did not provide neither mature enough tools nor experiences.
Several tools and experiences have been published since then, as stated in Chapter 3. This
chapter presents the experiences deployed for the study of the specication, the rst phase
of the research methodology. In order to better understand these experiences, it is worth to
depict the situation at the time this dissertation started (2006).
First, existing tools were still in an immature state: the authoring stage was supported by
Reload (conceptually close to the datamodel) [86], LAMS (not fully IMS LD compliant) [92]
and Collage (pattern based) [93]. As an example of such immature state, let's say that the
rst version of Coppercore was released in February 2004, the same year that Reload was.
The rst version of the GRAIL player was just released. That is, its functionality covered
the three levels of the specication but there were no large-scoped tests posed on the tool.
The discussions about the specication were centred on how dierent pedagogical models
were supported, rather than on providing eective authoring tools that hide the underlying
model. The earlier IMS LD-related literature theoretically argues the support for dierent
pedagogical models. For example, collaborative learning was said to be supported by the
introduction of roles [119], while properties and conditions was considered enough to create
adaptive learning material [127]. Regardless the validity of these assertions, few experiences
neither conrmed nor refuted the arguments. Almost all of the available UoLs consisted
in proofs of concept that, with simple learning ows, showed how dierent models could
be applied. However, among those examples there was an abscense of experiences in real
scenarios. For example,What is Candidas were used to show the sequencing capabilities and
GeoQuiz showed adaptive capabilities. All these examples, available at [131], were synthetic
learning ows that did not answer the questions that usually emerge when the learning ow
of a complete term is being designed.
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The described context inuenced the methodology used in this dissertation, presented
in Chapter 1.3. Thus, the rst step was oriented towards the identication of IMS LD
limitations in authentic situations. The second phase was the denition of the solutions for
the detected limitations, which were validated in the experiences held in the last step of the
presented work.
The rst phase was focused on the analysis of the specic parts or characteristics of the
specication which, in the opinion of the researcher, had not been properly documented in
the existing literature. The analysis was case study based where each of the experiences
held was focused on a particular element of IMS LD. The goal of such experiences was to
identify the limitations, being their solution the matter of later steps of the dissertation.
Each deployed experience was oriented towards the analysis of a particular element of
the course life-cycle. The goal was to analyse the authoring, deployment and enactment
of IMS LD orchestrated courses. The analysis of the authoring phase allowed determining
the limits of the IMS LD expressiveness, that is, what can and cannot be expressed in the
UoL. The factors aecting reusability and replicability of UoLs were the matter of analysis
of the deployment phase. Finally, the enacted experiences were aimed to reveal how users
understand the structure and presentation of scripted course.
This chapter presents the experiences held in the rst phase of the methodology. The
authoring stage is explored in Section 6.2, were a real learning ow, which was already in use
in an engineering course, was expressed within the IMS LD vocabulary for its latter deploy-
ment in GRAIL. The enactment analysis corresponds to Section 6.3, where a course involving
collaboration in distance scenarios was oered to students of three dierent universities. A
theoretical discussion of a more versatile use of IMS LD is presented in Section 6.4. A proof
of concept of the discussed Unit of Learning was implemented to support the presented
ideas.
6.2 Design and deployment of a real course
The rst step in the understanding of the specication is to recreate the complete course
life-cycle for real courses. That is, courses built following the needs of the teaching sta and
are currently being taught without any scripted orchestration method. In order to avoid the
risk of facing a real scenario without enough maturity, this rst experience was a simulation
of the actual course. Thus, the course authoring phase was completed according to the
already established course conditions, but the deployment phase was a simulation of the
real thing. The enactment of the generated UoL was out of the scope of this experience.
This section describes the course modelling and deployment process by capturing an
already consolidated course in the University Carlos III of Madrid. A blended-learning
paradigm was followed in which classroom sessions were combined with students' individual
work and information exchange using on-line tools. Its structure was similar to the rest of
courses in the same degree. Therefore, analysing the process of capturing such structure
in IMS LD provided valuable insight on the advantages and disadvantages of using such
formalism. The course deployment simulation allowed identifying the limitations during this
step, which can be divided in two: rst, problems related with the workow engine, GRAIL
in this case; second, limitations derived from the intrinsic constraints of the specication.
The development and analysis of this experience was published in [82].
6.2.1 Objective of the experience
This experience is presented as the rst approach to the course life-cycle of IMS LD. The
analysis of the experience is performed in a qualitative manner. That is, the goal is to
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identify the problems that arise when IMS LD is in use, rather than focusing on a very
detailed analysis of specic issues.
More precisely, the specic goals of the developed experience can be expressed as follows:
 First, test the expressiveness of the specication when dealing with consolidated
courses that are already being taught. In particular, the modelled learning ow com-
bines synchronous and asynchronous tasks, which occur in parallel and have dierent
timings.
 Second, capture a methodology that allows expressing regular courses as Units of
Learning. It should allow practitioners to translate their learning ows into IMS LD
scripts.
6.2.2 Course Authoring and Deployment
The steps followed to capture the structure of the on-going course in a Unit of Learning
written in IMS LD were three. First, the existing methodology was expressed in natural
language. Second, the design was translated to the IMS LD language, creating a runnable
UoL. Finally, the designed course was deployed in the IMS LD compliant platform to check
its correctness. It follows a detailed description of each of the stages.
The Learning Layout
The selected course was Computer Architecture: a course part of the degree on Telematics
Engineering at the University Carlos III of Madrid. The actual course structure is based on
two-hour in-class sessions in which either theory concepts are explained, or a programming
assignment requiring at least one week work is discussed.
Despite its on-campus nature, the course ow is based on both synchronous and asyn-
chronous activities. On the synchronous side, regular theory lectures present students with
the main concepts. Programming exercises are then proposed in the laboratory sessions.
These exercises are not expected to be completed during the lab session and therefore re-
quire asynchronous interaction with tutors and peers.
An assignment may be submitted several times with partial answers until the next lab
session is held. Students therefore are working on a lab and at the same time taking theory
sessions about the next topic in the course. Two additional computer based services are
provided to ease the remote work. A Web based forum allows students to post their com-
ments or ask tutors for clarication and a second Web based interface is also provided for
automatically produced partial laboratory results.
The previous pattern is repeated until all topics in the course have been covered. As
show in Figure 6.1, dierent topics may overlap thus requiring coordination between content
and resources.
6.2.3 Learning Flow in IMS LD
Once the learning ow has been dened, the next step is to translate it into a IMS LD
course. Although the language is expected to be able to capture a wide range of pedagogical
models, the translation process requires extensive knowledge of the specication as to avoid
a reliable translation.
The produced course is to be used within a blended learning approach. More precisely,
some resources and activities can be obtained and completed in distance sessions, but others
will require the attendance to lectures and laboratories. This methodology combination is
widely used because of its benets for both students and teaching sta.
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Figure 6.1: Layout of the captured course.
The rst step when designing a course in IMS LD is role denition. The specication
allows for a powerful hierarchical role denition to group students depending on their tasks.
However, the current environment in which the course is deployed required only two clearly
dened roles: students and teachers.
In order to capture the course sequence of events, it needs to be cast into the theatre
metaphor [203]. In theory, a course needs to be divided into several acts where multiple
activities are assigned to roles. Acts allow course designers to deliver activities in a given
order, also serving as synchronization points: an act is not nished until all the included
activities are completed. In a rst approach, it seemed natural to map each theory topic
into an act. However, this strategy did not allow for theory sessions of one topic overlapping
in time with lab session and student work in the previous topic.
As an alternative, IMS LD provides the so called \activity structures". These structures
allow a great deal of parallelism among activities assigned to dierent users in dierent
roles. Due to the simplicity of distributing persons participating in this course into roles, this
approach t perfectly the course requirements. Also, structures allow hierarchical structures
to be delivered depending on boolean conditions at a ner level of granularity. This choice
allowed capturing both the sequencing and overlapping requirements for the course.
Activity completion is the most dicult part derived from the underlying asynchronous
interaction in the course methodology. As illustrated in Figure 6.2, completing the delivery
of a learning object is not eective until the next lab session starts. Managing activity
completion was identied then as the key feature in order to fully capture the course learning
ow. Fortunately, the Level B functionality in the specication (properties) addresses this
issue. The teacher owns a control activity in which completion is managed by a single
properties assignment. This is possible due to the support for imsldcontent in GRAIL.
The blended learning scheme of the course means that not all the activities are done using
computer resources. In fact, supporting material for lectures is given in print. Still, these
support resources can be specied as environments for the activities included in the UoL.
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Each lecture is accompanied by a subset of a hypertext based book containing all the theory
concepts for each topic. Aside from this resource, environments in the UoL also include the
forums required for the asynchronous activities.
Using the notication capabilities included in the Level C of the specication, students
can be notied through email every time the tutor activates a new activity in the course.
This scheme compensates for the typical disadvantage of a blended learning approach, the
diculty of keeping the students involved in the activities in the course. Upon receiving a
notication, students may connect to the platform to nd a new activity.
Figure 6.2: Capture of the subject layout in IMS LD.
Deployment issues
Next step in the course replication process is the UoL deployment into the runtime envi-
ronment. Unless the user interface is well designed, some noise can be introduced in the
learning process. That is, if users focus their attention on how to use the tool, they will not
learn about the course itself. Obviously, the aim is to avoid this situation.
First issue to take into account is the role assignment. This task must be performed
by the course administrator, who registers users in the platform and associate them to the
course instance. In non integrated systems, this simple task must be complemented with
users' registration into services, implying tasks duplication and requiring coordination in
introduced user data. Since the GRAIL application is fully integrated in the .LRN LMS,
users' registration is supposed to be already done. Community users are then automatically
assigned to the course instance and roles, avoiding coordination requirements. The needed
tasks are then reduced to role assignment and a GUI is provided to the task.
Since the application is server side oriented, no special features are required from the
client side. A user is able to follow the course with a single browser application. Services,
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imsldcontent and all resources are delivered in the same window frame guaranteeing the
attention of the students to be focused on the learning objects.
As explained previously, the captured learning ow is taken from an existing subject
that is being imparted at the University Carlos III of Madrid. Students are then supposed
to already have the know-how of the LMS, requiring no additional eort to start with the
course and reducing the noise in the learning ow.
6.2.4 Lessons learned
As discussed in previous sections, IMS LD supposedly covers a wide range of existing method-
ologies. But this is mostly valid when the course is being designed initially with the speci-
cation in mind. In such case, the learning ow is created with the intrinsic limitations of the
IMS LD specication. The work discussed in this document was oriented toward capturing
an already existing and its learning methodology.
The original course used an in-class learning approach, while IMS LD was designed to be
used in purely e-learning environments. To reduce the gap between classroom and distance
approaches, the captured course was then stated in terms of a more realistic blended learning
approach. This change only required a browser as additional tool to be used by students
(which they were doing so anyway). The activity tree is partially appearing as the course
evolves and students are notied whenever a change is produced. Additional learning tools
(or IMS LD services) were included as part of the UoL and were delivered fully integrated
with the rest of resources. This decision provided an unexpectedly powerful mean for the
teacher to keep track of interaction within the course. It can be concluded that re-factoring
the course in this blended-learning paradigm was an improvement for the course structure.
Apart from the required changes due to the in-class nature of the course, all the req-
uisites found in the course learning ow were successfully captured by the produced UoL.
Although this fact serves as an example of the expressive power of the specication, the
deep understanding required for the translation points in the direction of the features that
supporting tools need to provide.
Although the Level B properties were supposed to be used to conditionally sequence the
activities in a course depending on student results or choices, in this example they were used
for completely dierent purpose. They were dened for keeping track of the status of all
the activities. Teachers then control the learning ow by setting them to the appropriate
values. Although correct from the point of view of the semantics, this property usage was a
concrete interpretation considered for this example.
Related to this interpretation, an additional diculty found was the lack of an appropri-
ate authoring tool. The editor used for the capturing process, Reload [86], covers all three
levels of the specication. From the point of view of the authoring process, the conclusion
then is that the existing course structure was correctly captured, but it required an extensive
knowledge of the specication. Such knowledge is far from being realistic in conventional
teaching sta members.
On the positive side, obtaining a packaged UoL that contains the complete description
of the course structure seems as a promising use of the specication. The overall process
had these two advantages:
 Since administrative tasks are done automatically, more resources can be used during
the runtime. This includes mail notications, automatic change of content, etc. These
features were not included in previous version of the course due to its high cost in
terms of maintenance.
 More eective use of teaching sta time. Since IMS LD captures most of the structure
of the course, teaching sta may devote their time to purely pedagogic tasks.
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With respect to the deployment phase of the course, the fact that the GRAIL runtime
environment is fully integrated with the .LRN LMS allowed for a more compact administra-
tion as well as shorter deployment time. User distribution as well as permissions to access
the dierent resources in the UoL were managed seamlessly by the environment. Also, the
set of resources available to students was increased by those available in the platform (for
example personal le-storage space for each student).
One of the disadvantages of the runtime environment was the dicult task of integrating
an agile content modication loop. Creating a complex UoL usually requires producing
multiple versions in the authoring space that needs to be packaged and uploaded every time
into the LMS and re-deployed. One important feature that was not present at the time
of this experience is the possibility to perform changes in the UoL without the need to
re-instantiate it entirely.
From the overall experience, the main ndings could be summarized as follows:
 The visualization of the activity tree requires the use of a computer with a browser.
This requirement is easily achieved but, as a drawback, is not suitable for a lectures-
only course. Thus, the course had to be rst conceived in a richer blended learning
setting. The organization of topics and lab sessions needed to be claried in order to
be specied in the new formalism.
 During the authoring process, the main diculty encountered had to do with the
presence of a highly parallel set of events in which theory sessions were held at the
same time as the students working the labs. This session topology required not using
the typical play/act contained in the specication and resort to a purely structure
based approach.
 Activity termination was another challenge to capture the entire course. By providing
special activities, tutors are given complete control as to when a new activity starts
and nishes. The possibility of notifying students whenever a condition is satised was
used to send an email message every time a new activity is available in the course.
 The provided infrastructure for deployment included additional services that enriched
the overall experience of the course and signicantly reduced the administrative tasks
derived from managing a large number of students. The main limitation of the runtime
environment was due to the diculty of modifying the UoL while is being processed.
6.3 Collaboration on distance scenarios
The successful results and the experience gained from the process described in Section 6.2
suggested the development of new scenarios modelled with IMS LD, this time including the
enactment phase. Thus, the next step in the study of the specication was the creation of a
learning ow where the pedagogical method highly relies on collaboration among students.
Two experiences were developed with the goal of understanding the capabilities and limits
of the specication in distance situations. The st of these experiences was a pilot enacted
by volunteers, while the second one was populated by students of dierent degrees in higher
education institutions. The steps required in such experiences are: the course design where
the collaborative pattern is decided; choosing and deploying tools to support the model;
its translation into a IMS LD representation; and nally, the assignment of students to the
dierent groups and related tasks. This dissertation mainly focuses on the second and third
steps.
This section is devoted to describe the goals, activity sequence, deployment details and
lessons learned from the two experiences. They were implemented in the context of the
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Mosaic project [204] and involved participants from three dierent Spanish universities:
University Carlos III of Madrid, University of Valladolid and Open University of Catalo-
nia. The designed workow was a combination of well-known collaborative patterns such as
jigsaw, peer-review, think-pair-share and pyramid [205]. These patterns have been exten-
sively used and analysed in face-to-face scenarios, but impose several diculties on distance
learning. The deployment and enactment of the described experiences allowed identifying
the needs of such collaborative models on distance scenarios, at the time that provided an
insight of how IMS LD can be used to succeed in the enactment process.
6.3.1 Description and objectives
Despite the two described experiences diered in several aspects (e.g. the participants'
prole, the context of the experience or some details in the learning ow), the core elements
of the learning ow were the same in both cases. The main dierence is that the rst
experience was a pilot program developed as a rst approach to the problem, while the
second one was an authentic experience where the identied aws of the pilot programs had
been improved.
Goals
The deployment of the experience here described required multiple resources, coordination
between peers and the use of dierent technologies. One of the aims of the experience was
to test the functionality of these technologies in a real scenario. It follows a description of
the objectives of the experience.
A wide range of techniques for collaborative learning, tips for improving the learning
experience with computers, and tools are contained in the CSCL research area. However,
there is a lack of documentation of pilot programs where collaborative schemes have been
put in practice on distant scenarios.
The presented experience contains a high level of interaction because it was derived
from an in-class scenario. Deploying this learning ow on distant scenarios shows how the
interaction between peers is possible and how the coldness of the environment has inuence
on learning. The aims were to identify where the most relevant diculties are, how the
students react to the experience, and what are the suitable technologies to perform the
deployment successfully.
IMS LD is expected to cover a wide range of pedagogical models, including collaborative
schemes. It has been shown that collaborative ow patterns have several characteristics that
made of their development a dicult task:
 A collaborative ow usually implies the participation of dierent roles. The language
must provide a method to dierentiate students between them. Capability of grouping
must be also provided.
 Interaction between peers is highly required. A complete course description must
specify how these interactions occur.
 The learning ow is susceptible to change, depending on the availability of students
and many other factors. The ow design may take into account these adaptability
issues.
The work presented in [206] discusses the theoretical completeness to capture collabo-
rative patterns. The experience described in this document shows the IMS LD capabilities
from a practical point of view.
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Finally, an experience in an authentic scenario allows evaluating GRAIL from the us-
ability point of view, which is one of the factors that may aect the success of such type of
experiences.
The collaborative learning ow
Depending on the topics studied by the participants on each case, there were some adjust-
ments on the learning ow but they both shared a common structure, which is described
as a combination of collaborative patterns. According to the needs of the learning ow, the
teacher was included as a tutor, a facilitator of learning, but not as a lecturer. The common
structure of the learning ows can be described as follows:
1. An open-ended problem is stated. Also, each student is identied with a dierent
shape and colour (i.e. red-triangle, red-rectangle, blue-circle, etc.)
2. The students are grouped in the so called expert groups (students with the same
shape), which means that members of the same group face the stated problem from
the same perspective.
3. A problem description and the corresponding reading resources are delivered to the
students, where all members of the same group receive the same resources. This phase
is individually performed and the students produce a document with his/her proposed
solution and the extracted conclusions.
4. The expert groups meet and they peer-review the documents or teammates. Then,
they discuss for the optimal solution and write an agreed conclusion extracted from
the discussion.
5. Expert groups are dissolved and the students are grouped in jigsaw groups. That is,
all team members are identied by the same colour. In jigsaw groups, each member
has faced the problem from a dierent perspective so there is positive interdependency
among peers.
6. Within jigsaw groups, the students present their solutions to the problem and dis-
cuss for a new solution that considers all the dierent approaches. They produce a
document that states their agreed conclusion.
The details that correspond to the pilot program and the authentic experience are given
in Subsections 6.3.2 and 6.3.3, respectively.
6.3.2 Proof of concept: enactment with experienced users
This rst experience, consisting on a pilot program that tested the feasibility of the scenarios,
was developed in the context of a Master Thesis, part of the doctorate program in the
Telematics Engineering Department of the University Carlos III of Madrid [207] and the
above-mentioned Mosaic project [204].
Details of the scenario
Three high level educational institutions participated in both course design and deployment.
Four students at each institution followed the course. These students were selected according
to the following criteria:
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 The course was not part of a degree. The students were volunteers and no reward was
oered. This student prole was selected because the experience was conceived as an
experiment, so this condition minimizes the possible administrative conicts in case of
severe deciencies.
 High level computer skills were required. The experience tested if the technology
is ready to be used on the scenario focusing on having a proof of concept, without
evaluating usability problems.
In this context, the course topic was Grid Computing, and it was oered to twelve PhD
students in computer science.
Adapting the ow to the scenario
Each of the twelve students is represented as a pair shape-colour, which corresponds to the
expert and jigsaw group, respectively. As depicted in Figure 6.3, three shapes and four
colours were dened. That is, there were three expert groups and four jigsaw groups. The
activity sequence is then described as follows:
Figure 6.3: Collaborative learning ow enacted in the pilot program.
1. A dierent article (a research paper about grid computing) is delivered to each expert
shape. Students have to read it and create a conceptual map with the topics discussed
in the document.
2. All conceptual maps are reviewed by expert peers, culminating in a group discussion
which improves the paper understanding.
3. Playing the role jigsaw, conceptual maps review takes place. In this case, each stu-
dent reviews jigsaw peers conceptual map, corresponding to the topics discussed in a
document dierent from the document read by the reviewer.
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4. The discussion is repeated within a bigger group, where more jigsaw teams are involved.
This step is repeated several times increasing the number of participants until all the
students are discussing together.
In a distant scenario as the one presented in this experience, awareness needs to be
specially addressed. The students must be clearly told where (understood in the sense
of \in which activity") they are and what they have to do at this point. Since dierent
students are assigned to dierent tasks and must collaborate with dierent peers, they must
be provided with dierent assignments. That is, the course ow has to show the same
learning path to all students, despite not showing the same content at each activity. This is
not dicult on in-class collaboration, but turns into a problem on distant scenarios.
The used model requires high level of interaction between peers. That is, they have
to exchange documents, communicate opinions, scribble on a shared picture, etc. Each of
these interactions requires the support given by a dierent tool that cannot be managed with
IMS LD. These tools that are in the learning model but whose location and conguration
cannot be determined in the IMS LD course description, are henceforth called external tools
or services. For the purpose of this experience, services were X-based1 utilities that were
accessible through a VNC server.
Deployment and enactment
The Unit of Learning was deployed and enacted in GRAIL. Such UoL was divided into 6
dierent acts, corresponding to each session of the course. The main IMS LD elements used
in the UoL creation description are:
Roles. During the course, users play dierent roles depending on the running activity. As
discussed before, they have to be experts on a topic, members of a jigsaw or members
of a group discussion. To group students in such a way, sub roles of the main (and
mandatory) student role were created representing all the dierent behaviours in the
course. On the other hand, teachers are also participants of the course, having their
correspondent role and related activities.
Properties. Roles are not enough when grouping people, they are not appropriate when
dierent groups has to be built in the same role. Groups can be created, but no special
operation can be done with them.
The aim is to provide each one with a dierent assignment to each group. Local
personal properties, used in combination with conditions, were dened to manage
this function. Thus, shape and colour of each student were tested before assignments
delivery, in order to accommodate content to users. The activity tree is designed for
all participants but each of them only receives his/her part. Each role will receive a
dierent le in a given activity. Inside les, content may be common or may change
for dierent shapes and colours.
Environments. When a service is used in a UoL, it has to be dened inside an environment,
which will be related to one or more activities. Following this working scheme, external
services were linked from the environments. Learning objects consisting in a simple
HTML le containing the URLs required to access the collaborative tools. Note that
this is a one-way loosely coupled system where no runtime information exchange is
possible.
1Linux tools that oer a graphical user interface.
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The collaborative tools were hosted externally. It is not easy to nd a tool that meets all
the requirements for a given activity. However, any software can be used as a collaborative
one by sharing it with VNC software. Since students are working in groups, each group
needs its own instance of all required tools. Moreover, groups change during the course, so
tool instances must be available for all possible scenarios. As a result, each used tool must
be instantiated and shared a large number of times.
But this approach produces an administrative problem in the database. In order to
provide access and rights for dierent users, both IMS LD and VNC servers are requested
to store and manage groups' information. The system therefore is prone to misconguration
problems. This architecture is an ad-hoc solution for the given case, but it is not integrated
in the UoL, reducing its reusability. The two implied systems are one way linked, as shown
in Figure 6.4.
Figure 6.4: Link between VNC services and the IMS LD player for the pilot program.
Identied problems
The learning experience described on this document has provided quite relevant data to
qualitatively analyse how IMS LD can be used on the collaborative eld. The experience was
considered a successful proof of concept. The course was designed, deployed and enacted
covering the initial requirements. Thus, it has been shown that is possible to package a
complex collaborative learning model in a UoL within the IMS LD specication. It also has
been shown that existing tools provides a framework for distant collaboration. The course
success must be understood on the following context: all students have high level skills on
computer usage so usability lacks had less impact on the normal course ow, if compared
with regular students. This scenario is therefore not suitable for testing usability issues on
the used platform.
The authors of the UoL were expected to manage a large amount of details, making the
designing process a dicult task. Furthermore, the available authoring tools2 required a deep
understanding of the specication. In the described experience, some mistakes appeared in
2Reload was used
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the course during its enactment (being visible to students) due to the cognitive overload
imposed by the authoring task.
During the authoring, roles were used to model the grouping requirements of the col-
laborative ow. The students needed to select, at the beginning of each activity, the role
they were going to play. This fact, which is the intrinsic behaviour when a student belongs
to dierent roles, caused confusion in the students that sometimes were not aware of their
corresponding activity. The authors concluded that the use of properties to model groups
is more exible for authors and less confusing for students.
The given course uses external services as a way to provide support for collaborative
tools. Regarding this fact, some problems appeared:
 The use of two servers derived in the duplication of administrative and maintenance
tasks. The need to specify how servers may interact made the deployment slower
because it had to be done manually. As a result, the reusability of the experience was
severely aected.
 It was not possible to package the external services within the UoL. Thus, the ser-
vices were accessed through links manually placed during the authoring phase. The
straightforward implication was that authors needed to know the details of the enact-
ment phase, which does not t the course life-cycle of IMS LD. Another implication
is that these URLs were not reusable, and therefore the course cannot be used more
than once.
 Due to the scenario requirements, the students' data were stored both in the VNC
server and the IMS LD one. This fact required the synchronization between servers
and required a signicant eort to duplicate resources. Noise in the learning process
was also introduced, since the student managed dierent resources in dierent servers.
A method for automatic data synchronization would solve these limitations.
The documents produced as the activity output were used as the input of the following
ones. However, these documents were elaborated at the external services so they could not be
considered within the IMS LD ow. As a result, the learning ow was unable to orchestrate
the artefacts' ow, which was manually performed. The analysis of the artefacts' ow in
this case of use was the matter of research of the group of the University of Valladolid that
participated in the experience [116].
Finally, a method to manage unexpected events was required during the enactment. It
is an important drawback since course designer and teacher are roles played by dierent
people. It is usual to nd that the teacher requirements do not match exactly with the
designer ones, and in this case the teacher has no capability to react. Furthermore, given
that the success of collaborative learning ows relies on the participation of team members,
the absence of one of them may result on the incompleteness of the activities. IMS LD lacks
of means to manage these unexpected events and the consequence is the poor exibility that
the course had.
6.3.3 The experience in a regular course
Also in the context of the Mosaic project, and within the participation of the three educa-
tional institutions that participated in the previous experience, the learning ow depicted
in Section 6.3.2 was enacted in an authentic experience and it was included as part of their
regular undergraduate programs. The course participants were students from dierent de-
grees in the involved institutions. The experience described in this section was published
in [115, 208].
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Details of the scenario
A total of 31 participants took part in the experience: 27 students and 4 tutors. Participants
at University Carlos III of Madrid and University of Valladolid were undergraduate students
of the Telecommunications Engineering degree and for them the course was optional. On
the contrary, for the students of the Open University of Catalonia, undergraduate Computer
Science students, it was part of a larger non-optional programming course.
Students were divided into three groups, each of which participated in a replica of the
course. The learning structure was then dened for a group of nine students, and three identi-
cal instances were enacted independently from each other. In order to maximize availability,
tutors were not assigned to any particular instance. Henceforth, the described learning ow
refers to a group of nine students.
Since all participants were computer engineering students, they were assumed to have ba-
sic computer skills. It was also assumed that students from the same institution had similar
programming skills, and therefore three dierent proles were created. The motivation for
this division is that collaboration with dierent skilled peers from a dierent institution may
increase the discussion eectiveness [209]. It is worth mentioning that one of the institutions
participating in the course, the Open University of Catalonia, follows a distant education
paradigm for their regular courses. As a consequence, students from this institution have
dierent scheduling requirements, and in most cases their involvement in the activities is
purely asynchronous. This fact had an impact on the learning ow, due to the impossibility
for groups to synchronously develop the discussion tasks.
On a collaborative learning model, students are supposed to be active participants. Suc-
cess highly depends on student motivation [210] so the course topic must be carefully selected
in order to ensure positive participation. The described case was based on the study of Dru-
pal, an open-source Content Management System written in the PHP scripting language.
This topic was selected based on the following observations:
 PHP is one of the most popular scripting languages used for fast Web development, and
yet, it was not fully covered by any of the regular undergraduate courses. Therefore,
a course on the subject was expected to be attractive for those students interested in
improving their curricula.
 The Drupal platform is a real-life application that allows students to modify current
features and see the eects quickly in a mature environment, thus opening the possi-
bility of new developments.
 The learning model for this type of platform requires certain degree of self-study.
Students are supposed to search for additional documentation aside from the material
provided by the tutors. Drupal has a large user community where information is
complete and well-structured.
Adapting the ow to the scenario
The proposed learning ow for the course is based on a combination of collaborative learning
ow patterns, or CLFPs [211] . The overall structure leads user activities to a global goal,
being problem-based learning [212] the underlying strategy. An open-ended problem is
presented to students while tutors are facilitators of learning. The goal is not the solution
itself, but the acquisition of problem analysis skills on the given environment.
In the described case study, the activity sequence is given as follows:
1. There is an initial individual study stage, where students examine provided documen-
tation. The problem is not presented yet. The requested output -a brief summary of
the readings- creates a link with the next activity.
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2. In a second phase, students work in three-member groups to peer-review their sum-
maries and agree on a common conceptual map of the discussed ideas according to the
\Peer-reviewing" CLFP.
3. Once students receive the statement of the problem, a group decision sets the devel-
opment strategy, which will be put in practice individually. All groups work on the
same problem. However, each group assignment is focused on a dierent aspect of the
solution. Students become then experts of a given aspect.
4. Next, students are re-organized into jigsaw groups, where members are experts on
dierent aspects, promoting positive interdependency. Individual coding solutions are
now reviewed by the group.
5. In the last activity, according to the \Jigsaw" CLFP, developers have to work in their
jigsaw groups and join their partial work to obtain a complete solution.
An overview of the learning ow is depicted in Figure 6.5 for one particular participant.
The \shape" of the student (e.g. triangle) represents his/her expertise while the \colour"
(e.g. white) indicates the jigsaw group he/she belongs to.
Figure 6.5: Example of learning ow for the student \red-triangle".
In all the activities, students are encouraged not to use any extra time to nish them.
The reason of this restriction is to avoid excessive distance between user skills and provide
a framework where peer-review is eective.
Deployment and enactment
Due to the high interaction level required in the activities, collaborative learning models
are typically deployed in a face-to-face environment. When applying this model to a dis-
tant scenario, as done in the described experience, both student expressiveness and model
exibility are reduced. The course deployment phase had to be adapted to the scenario in
order to minimize the above problems. The use of supporting tools allowed the inclusion of
certain degree of exibility in the model without conicting with intrinsic constraints [213].
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Tools for collaborative work allow multiple users to synchronously manipulate dierent
resources, providing a framework where collaboration is more uid. However, student proles
did not guarantee availability for synchronous sessions. As a consequence, an average of one
student of each group was supposed not to use the synchronous collaborative tools.
To support dierent proles, the use of both synchronous and asynchronous tools had
to be merged in the activities: discussion recordings were used as input for asynchronous
students, who were assigned to review discussed topics and arguments. A forum is used for
the review, so that a parallel discussion was encouraged. The tools used in the experience
are depicted in Figure 6.6 and summarized in Table 6.1.
Figure 6.6: Tools that supported the experience and their corresponding platform
The joint use of synchronous collaborative tools and asynchronous communication facil-
ities was intended to reduce the gap created by the distant scenario and allow students with
dierent proles to work together. This approach had an impact on the learning model,
so that the authoring of the UoL had to consider this fact. The most relevant parts of the
created UoL were:
Group set-up. The high level of interaction required in the model is reected in a complex
grouping model. Groups must be created and dissolved during the course, and the
supporting system must be exible enough for this management. Taking into account
the lessons learned from the previous experience, working groups are related to LD
property values. Thus, group behaviour is dened at course instantiation and the tutor
can modify it during the course if required.
Adaptation issues. Synchronous collaboration-based activities are not always suitable for
all students, especially when they are from dierent institutions. In our case, one of
the participant institutions follows a distant learning model for regular courses so in
most cases students schedule does not match with peers. It is therefore not possible
to meet all group members at the same time. The asynchronous students are given
an adapted assignment, where tasks are modied to match the case. The students are
also capable to modify their own prole, adding more exibility to the model.
Despite the described exibility in the model, supporting software does not allowed
changes in the learning ow (run time script edition) once the course has been deployed. This
was especially relevant in a scenario where the design task was considered error prone [116].
The system architecture that supports the model is composed of two dierent servers
(Figure 6.7). The LD server contains the learning ow and delivers the assignments to
students. These assignments are linked to VNC based collaborative tools, hosted on a second
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Tool name Description Supported activity
Kolourpaint KDE default image editor. Al-
low scribbling as in a white-
board
Collaborative whiteboard to
support the arguments in group
discussions.
Kate KDE plain text editor Collaborative creation of docu-
ments, used to write the min-
utes of the group discussions.
CmapTools Mind maps editor Used to elaborate the output of
some of the activities.
Drupal PHP based Content Manage-
ment System.
Used by the students to test
the correctness of their devel-
ops. Students were able to
share (or not) the system the
produced.
File Storage Web based repository The output of the activities was
stored there, so it acted as a de
facto data ow manager.
Forum Web based forum Used to asynchronously ask for
support in the learning activi-
ties or with the use of the plat-
form
GRAIL IMS Learning Design player The students accessed this tool
to retrieve their corresponding
activity description.
Flashmeeting Web based videoconference sys-
tem
Supported the synchronous
work sessions.
Table 6.1: Summary of tools used during the experience.
server. Relevant data are automatically synchronized between servers to avoid database
inconsistencies.
Analysis of the experience
Since all requirements in the course design and deployment were covered, the experience
was considered successful. The feedback obtained from the participants oered multiple
observations that allow a detailed analysis of the enacted course.
The data gathered from the study, summarized in Table 6.2, was collected through ques-
tionnaires that participants lled at the beginning of the course (to know their expectations
and background), as well as after the experience was over (to obtain their viewpoints). Some
additional evaluation data such as messages posted in the course forums and systems logs
were also available. Questionnaires had a mixture of quantitative and qualitative questions
and their analysis followed the principles of a mixed evaluation method [11].
One of the main conclusions is that supporting technology was not mature enough. Tools
supporting communication in collaborative environments are mainly used in pilot programs.
Very few experiences where a complex model is deployed in a real-life course are found in
the literature, and therefore, there is no best practice guide to face the diculties that
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Figure 6.7: Architecture of the system that supported the experience.
Data source Description
Quest Questionnaire answered by the students
after the course
Forum The forum of the course. The students
were encouraged to post questions re-
garding the course and/or the method
Table 6.2: Data sources that allowed the experience analysis.
appeared at runtime. Participants ranked an average of 2:20 (in a Likert-scale of 0 to 5) the
technological support in the course. This result is mainly due to the lack of robustness of the
tool prototypes. Nevertheless, several participants recognized the added value and potential
of the presented technical solution for supporting distance collaboration. For instance, one
of the participants said: \I think it is a very useful way of working with participants who
are not located in the same place, in spite of the failures in the technical support".
Although the tools covered all the required functionality to support the course, they
failed to address some basic usability issues. The result was an environment that is fully
functional but not user-friendly enough for a real case. In practice, it took some time for
students to get used to the interfaces. This had a special impact on the experience because of
its time restrictions. The solution for this problem is to schedule a training session with the
students before the course starts. However, the most eective solution would be to use tools
with intuitive interfaces providing a low adoption threshold. In this sense, even though it was
conceived as part of the architecture, participants did not perceive the various distributed
applications as an integrated solution (an average 1:58 in a 0-5 scale). Additionally, some
opinions pointed out this low level of integration as a source of diculties. For example, one
the participants stated that \. . . you did not have the freedom to go from one application to
another and, furthermore, you perceived them as something external. . . ".
Having students from three dierent institutions increased the existing gap between
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proles. Students' initial skills in the course topic were signicantly dierent. Some partici-
pants argued that the course level was too high, while others performed the activities easily.
Overall course diculty was ranked with an average of 3:40 (in a 0-5 scale). Far from being
transparent to students, this fact had a negative impact on their motivation.
A summary of the ndings, the data that supports this nding, and the source of these
data are presented in Table 6.3.
Finding Supporting data Source(s)
Supporting Tech-
nology is not
mature enough
- \Technical failures derived on delays when
doing activities"
[quest]
Students did not
get a percep-
tion of having an
integrated solution
- \You did not have freedom to move be-
tween tools. Their slowness make them ap-
pear as something external"
[quest]
Collaboration was
perceived as a pos-
itive factor on a
course
- Opinion about collaboration level with
peers [0-5]: 3; 49 [quest]
Asynchronous sup-
port widely used.
Users missed syn-
chronous support
- 195 participations on forums
- \Sometimes we had doubts that need to
be solved just at the moment"
[forum], [quest]
Complexity of
learning ow not
appropriate for
students experience
- \Did peers with the same shape receive
a dierent statement? Or. . . is there any
mistake?"
- \I think groups must not change during
the course"
[forum], [quest]
Table 6.3: Main ndings extracted from the analysis of the experience.
6.3.4 Lessons learned
Replicability
The course ows described in Sections 6.3.2 and 6.3.3 were deployed in dierent academic
course, with a time lapse of one year between them. In such scenario, where both course
ows share a high amount of elements, the reusability of the model plays a relevant role in
order to provide sustainability to the overall model.
The total cost of the rst edition is devoted to authoring (design of the pedagogical model
and development of the material), deployment (conguration of the supporting platform)
and enactment (tutoring and supervising the course). In the second edition of the course,
the cost of authoring is reduced to the development of the material. However, there was
almost no reduction in the time used for deployment and enactment.
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The researchers that participated in the two course editions agreed on saying that the
deployment of the learning experience was time consuming and required a high eort to be
implemented. They also said that there was no signicant reduction of the required time
on the deployment of the second edition. Thus, there was a high cost on the course ow
replicability.
The main cause of this high cost is the use of external services:
 The conguration of all the services is performed manually. The requirements of the
scenario imposed the need to congure as many service instances as users are in the
course.
 The course material contains the URL of the external services, so that it must be
modied each time the course is replicated.
The lack of replicability was identied as one of the major limitations of the proposed
model. As a consequence, one of the goals of the subsequent experiences was to increase the
replicability of the proposed model. This is the main matter of research in the experience
presented in Chapter 7.4.
Flexibility
In collaborative learning situations like the ones presented in this chapter, the pedagogical
success depends on how implicated are the students within the activities. Strategies such
as the promotion of a positive interdependence or the use of innovative technologies try to
increase students' motivation and therefore increase the likelihood of success.
However, even with motivated students, the absence of one group members is very com-
mon when the number of participants is high (27 is considered a high number for the model).
Such absence is, by denition, an unexpected event. Other sources of such unexpected events
are mistakes in the course material or students who do not store their output where they
are supposed to do it.
The capability to reorganize the course so that an activity still makes sense without all
teammates, to correct mistakes in the course or, in summary, to handle unexpected events,
is called exibility. IMS LD provides a certain level of exibility, which could be called
pre-programmed exibility. That is, rules can be created during authoring so that certain
situations result in the adaptation of the activity. However, this is not a real exibility
because it is only useful with situations that can be envisioned by course authors and they
are not, by denition, unexpected. In scenarios that follow the course ow imposed by IMS
LD, it becomes apparent the need of more exibility during runtime.
The ow of artefacts
The IMS LD specication is devoted to orchestrate learning ows, but it is not able to dene
mechanisms to orchestrate data ow.
On the one hand, output les could be attached to IMS LD properties so that they allow
exchanging the documents among peers. However, properties lead to low-exible and error-
prone models whose administration is dicult and time consuming. On the other hand,
IMS LD cannot manage artefacts generated in external services. That is, if the data ow is
outsourced, its relationship with the activity ow is broken and there cannot be coordination
(at a reasonable cost) between the two ows.
This problem is still an open issue and, despite it is highly related with it, is out of the
scope of this dissertation. More details on the study of the problem and possible solutions
can be found in [116].
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Tool integration
The distant nature of the course reduces student expressiveness during collaboration and
this problem has to be diminished by the use of supporting tools such as a shared white-
board where drawing can enforce student arguments given by videoconference. However,
such tools are not supported by IMS LD. Courses can make use of external tools to support
the learning activities, but these tools cannot be integrated in the course package.
As a result, the external services and the course ow need to be congured separately.
This problem aects the abovementioned replicability of the courses. Furthermore, the high
cost of the scenario conguration makes dicult to pay attention to other aspects of the
experience such as the perceived integration of the overall system and its usability.
Software usability
The nal results of a computer supported learning experience depend on the functionality of
the software and its usability. The former refers to the actions that the course participants
are allowed to perform with the supporting platform, while the latter is related with the
diculty that the user will nd on performing such actions.
Usability was one of the weaknesses of the presented experiences. This fact has negatively
inuenced the student's perception of the platform and also their learning on the studied
subject. Further experiences should pay more attention on usability or, if it is not possible,
provide a training session prior to the execution of the experience.
6.4 Integration with Mupple
The experiences described in Sections 6.3.2 and 6.3.3 clearly show the need of case-specic
tools to support the activities performed in a distance delivered learning ow. The Web
2.0 provides a vast catalogue of available supporting tools where is not easy to select the
most appropriate one for each case. Furthermore, such tools are integrated on students'
everyday life so that they have their own personal preferences, which usually dier from
teacher's preferences. The unfolding landscape is that of a community of users with a highly
personalized environment prepared to interact with a large number of available services. The
success of personalization platforms such as iGoogle, Netvibes, Pageakes (just to mention
a few) together with their potential to increase the eectiveness of learning experiences
sustains this claim. Mash-ups, Web applications that combine data from dierent sources,
are steadily gaining acceptance on the e-learning context.
But with the possibility of combining a set of services comes the challenge of insert-
ing such applications in current specications used to formally capture the interaction and
resources needed in a learning experience. The IMS Learning Design specication [6] (hence-
forth IMS LD of simply LD), provides a language capable of dening the interaction that
takes place in a learning environment. While the framework claims to be generic, it is ori-
ented toward capturing interaction at the level of the dierent activities within a learning
experience. Furthermore, although the specication includes a property-based adaptation
paradigm, these properties need to be dened at design time and therefore typically refer
to aspects that are statically included in the unit of learning.
The emerging scenarios provided by the use of mash-ups are merely environments that do
not necessarily provide learning without an orchestration that provides a pedagogical sense to
the activities. It therefore appears the need to combine these scenarios with the description
at a higher level of a Unit of Learning. The solution here explored is to combine both
paradigms: on the one hand, the Learner Interaction Scripting Language [214] (henceforth
LISL) is a language dened to create a learning environment as a Web-application mash-up:
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an aggregation of user interfaces from dierent tools that are combined to achieve learning
outcomes. These mash-up based environments are then placed in Unit of Learning IMS LD
environments, providing tools to perform course activities. It is here described how such
integration has been done in Grail [10]. As a result, a Unit of Learning is used to capture
the higher level organization and resource of a learning experience, but at the level of an
activity, students are oered a highly exible learning environment described in LISL.
This section includes a discussion of how these technologies can be combined. The
discussed approach was implemented so that the supporting tool was available, but the de-
veloped example Unit of Learning consisted just in a proof of concept that was not deployed
on a real scenario. The discussion is here included because the lessons learned from the
experience allowed determining which the requisites of GSI are, so that it played a relevant
role in the presented dissertation. This work was presented and published in [215].
6.4.1 Flexible learning scripts
The term \script", when applied in a pedagogical context, refers to the method to structure
a learning process [211]. Course participants are guided through the ow of activities previ-
ously dened by the authors of the script. The level of coercion in this script will inuence
the course success. Over-scripting, or a too detailed set of steps that must be followed,
may reduce course eectiveness, while a too exible scheme may not produce the expected
interactions [75]. The trade-o then is to create a set of instructions detailed enough to
guarantee a successful learning experience, yet leaving room for certain exibility.
According to the lessons learned in previous experiences (see Section 6.3.4), the attitude
of students cannot be predicted during the authoring phase, which may lead to dierent
unexpected situations. To minimize the problem, course participants can be monitored at the
enactment phase, especially if the course is being taught in the context of a LMS. In the ideal
case, the runtime environment should provide tools that enable the reaction to unexpected
situations. This capability of changing the course behaviour while is being enacted is known
as run-time exibility. The relevance of such exibility on scripted collaborative learning is
analysed in detail in [74].
The type of modications that are typically required in scripted learning ows ranges
from structural changes, content modications and dynamic group management. Based
on these dierent requirements, the required exibility in a learning environment can be
classied in dierent ways.
The rst classication criterion is the scope of the applied changes. Flexibility can be said
to be at macro or micro script. The macro-script level refers to the high level learning ow:
the activities that are present in a course, how artefacts are produced and consumed by these
activities, how and when participants can be monitored and evaluated, time scheduling, or
any other factor that aects the course as a whole. The second type, micro-script exibility,
refers to activity-centred modications. For example, how a single activity can be properly
performed, including the tools to be used, the available content and expected interactions
among peers and resources, etc. . . Thus, exibility at the micro-script level allows re-dening
how a single activity is performed. A learning script is composed by an overall structure
(macro-script) and the particular details of the activities (micro-script). A exible learning
environment should therefore pay attention to these two levels of exibility.
A second classication criterion is the course participant that will need to perform the
modications, teachers or students. Teaching sta (who are not necessarily course authors)
are in charge of supervising that the activities are being doing as expected in the original
script. If they do not, teachers might need to perform changes (macro or micro) to guarantee
that the objectives can be reached. One simple example is the extension of the deadline
for students' submissions. Students are not usually allowed to modify the conditions of
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the learning ow, but they might need other type of modications. For example, some
pedagogical approaches encourage students to select their preferred topics to study. Another
example is the customization of their learning environment, including the specic tools to
use in the activities and the look and feel of their personal environment. The learning
environment should oer certain degree of exibility to customize to certain extent the
learning environment without interfering with the applied pedagogical method.
6.4.2 Integration of Learning Design and LISL
In computer supported learning scenarios, scripts can be formalized using a modelling lan-
guage. All the interactions of a learning ow are then captured in a single le, which can be
deployed in a compliant platform, where the enactment takes place. It follows an analysis of
how runtime exibility can be provided combining two dierent scripts: IMS LD and LISL.
Macro-scripts
The IMS LD specication provides a framework where a wide range of pedagogies can be
expressed. It is therefore a specication that matches perfectly with the concept of macro-
scripts. Course structural changes during runtime can be managed by a proper use of LD
properties, but they must be anticipated during the design phase. Taking advantage of this
potential use of properties, IMS LD oers a signicant level of runtime exibility [115].
From the teacher point of view, content can be made visible depending on the value of
a given property. The modication of such property can be manually performed (with a
monitor service) or can be triggered by events such as the completion of a certain activity,
the achievement of a given mark or simply the waste of a pre-dened time lapse since the
beginning of the course. Property-driven modications can be therefore easily applied during
the enactment. Group management can also be captured by properties, allowing dissolving
and regrouping students if it is required by the collaborative settings.
Typically, the described learning ow cannot be modied by students, but they can take
decisions that aect their learning path. This is the case of prole-based statements: if
students can modify their own prole, they will be able to select the kind of activity they
prefer, without breaking the course constraints. This is also possible in IMS LD with the
use of properties.
Although certain degree of exibility can be achieved during runtime, it is at the cost of
capturing these changes with numerous properties and conditions. The main consequence
is that all possible changes need to be anticipated during the authoring phase. This aspect
hinders signicantly the possibility of performing ne-grained modications.
Micro-scripts
The IMS LD specication is clearly oriented to macro-script creation and therefore is not
appropriate to scaold the interaction process that occurs within an activity. A new ap-
proach is required that allows participants to select their preferred environment for the
required activity. The LISL language can be used to create micro-scripts that create, man-
age and maintain fully-customized learning environments, and can be used to oer exibility
to students while enacting an activity [214].
The LISL language allows dening actions to perform in a given activity, objects that
are produced, modied or consumed by actions, and tool to perform requested task. Objects
can be dened by a URL, and tools must be related to a URL. LISL statements are close to
natural language, so that they can be read as follows: \perform action A on object B using
tool C". When the script is played, all required tools are opened in the working environment
with mash-up visualization techniques.
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Simplicity of LISL script creation and modication was one of the design premises of the
language. As a result, the personalization of working environments becomes a really agile
task that can be performed by course authors and modied by students during runtime.
Implementing the Mash-up Integration on Learning Design
In order to integrate a LISL-based mash-up with a IMS LD player, the used mash-up tem-
plates need to be simplied to achieve a plain look. This interface simplication and the use
of technologies such as AJAX helped to perform the integration very intuitively and in an
unobtrusive way.
On the side of the IMS LD player, the mash-up is referenced as a regular learning object
within the environment of a given activity. Thus, the LD player will provide an independent
highly customizable learning environment while remaining unaware of the level of freedom
provided by the mash-up.
6.4.3 An Example Unit of Learning
In order to provide a proof of concept of the combination of the two paradigms, a simple
UoL that contains the previously discussed features was created and deployed in GRAIL [10].
The .LRN LMS also provides a LISL interpreter called Mupple. Ad-hoc modications were
performed so that GRAIL was able to include Mupple as one more supported service.
Figure 6.8: Resulting working environment when combining IMS LD and LISL.
In the UoL used in the example, the ow consists of two sessions, modelled as acts in
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IMS LD. In the rst session, learners have to study a set of initial documents and write a
list of the main discussed concepts. Then, they have to explore more deeply these concepts
and draw a conceptual map, graphically linking them. The activity starts with the reading
of the documents available in the course repository. Then, students must use Wikipedia
to clarify those concepts that not properly understood. Finally, a wiki tool allows writing
the list of main concepts and a mind-mapper tool allows creating conceptual maps. The
resulting structure is depicted in Figure 6.8.
Students access the activity environment and are able to modify it either modifying the
source code, or using the graphical interface that allows to open, close, move and iconify
each box. With this structure, an additional step (i.e. search a concept in Google), or the
modication of one of the tools used by existing steps (i.e. one student prefers CmapTools
for conceptual maps) can be easily achieved.
6.4.4 Discussion
The combination of IMS LD to dene the learning ow (macro-script) and LISL to detail
scaolding details on activities (micro-scripts) may improve the runtime exibility of e-
learning courses. In this stage of the course, teachers have to be able to modify content, re-
congure services, and change termination conditions on an activity or its visibility. Students
should have the possibility of adjusting the learning environment to their personal needs:
select the tools to use and change their own prole.
The Learning Design specication oers a reasonable degree of exibility at run-time.
Level B properties and conditions can be used to modify the course behaviour even if it
is already running. However, these changes must be explicitly stated during the authoring
phase. Used to provide a framework where activities can be performed, the LISL language
allows students to easily congure the environment and share preferences with peers.
The deployment of the example presented in this section required the ad-hoc implemen-
tation of LISL integration in GRAIL. Despite this task did not impose a high cost, the
integration method might not scale to other situations with more ne-grained requirements.
Two main conclusions can be extracted from the developed proof of concept:
 IMS LD provides good support to the macro-script orchestration of learning ows.
However, it has problems dealing with ne grained details of particular activities. At
this level, it is better to use case-specic tools rather than overscripting with IMS LD.
 The integration of case-specic tools is not natively supported in IMS LD. An ad hoc
integration was implemented for the purpose of the presented example, but a more
generalizable method would be required to make a reusable proposal.
These two conclusions (integration of case-specic tools and a generalizable integration
method) were considered as requisites of the proposal presented in this dissertation.
6.5 Conclusions
This chapter presented the experiences enacted during the rst step of the methodology: the
characterization of the problem. Such experiences ranged from the theoretical discussions
to courses enacted in real situations and covered the complete course life-cycle imposed by
the use of IMS LD. The translation of an engineering course into the IMS LD vocabulary
was completed for the analysis of the authoring phase. The deployment and enactment were
studied in a course with participants geographically distributed and actively collaborating in
the course activities. GRAIL was used in the deployment and enactment of such experiences,
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and served also for the implementation of a proof of concept of the combination of IMS LD
and mashups.
One of the motivations of this rst phase of study was the absence of existing experiences
documented in the literature. The publication of the developed experiences in dierent
conferences [82, 115, 116], workshops [216, 215] and journals [208] evidences the relevance
of the work and the interest of the research community in the eld.
Several limitations regarding the use of IMS LD were detected in the developed experi-
ences. A summary of the most relevant ones is presented as follows:
Dicult authoring phase. Despite there is a new generation of authoring tools relaxes
the problem, there is still a need to understand the IMS LD model in order to create
courses. In practice, this is an obstacle for practitioners to adopt the specication. Due
to the existence of research projects [217, 218] oriented towards solving the authoring
problem, such limitation is out of the scope of the work presented in this dissertation.
Lack of exibility. The course authoring phase nishes when the UoL is exported to a zip
le. Once the course has been exported, the inclusion of latter modications in the
course ow or content is no longer possible. However, unexpected situations appear in
real courses and IMS LD does not provide mechanisms to handle them.
The data ow problem. Especially on collaborative courses, the output of one activity is
sometimes used as the input of the following one. IMS LD does not provide methods
to dene such ow of artefacts. The ow modelling can be done with properties, but
their use is time consuming and error prone.
Integration with external tools. Distance collaboration requires the support of tools
that are usually accessed via Web. IMS LD does not provide support for such tools.
The result is that their inclusion in a UoL translates into a loss of adaptive capabilities,
replicability and usability of the course.
Uses of IMS LD. The purpose of the specication is to provide a mechanism to orches-
trate learning activities with their related resources and services. This fact is some-
times forgotten by practitioners, who try to use IMS LD for complex tasks (e.g. calcula-
tions, group management) with poor results in terms of performance and functionality
of the resulting UoL. This misunderstanding of the specication causes the authoring
phase to be even more complex.
The work presented in this dissertation focuses on two aspects: rst, the proposal and
implementation of the required functionality to provide more exibility to the course life-
cycle (Chapter 4.3). Second, the proposal of extension of the specication that allows to
integrate third-party tools in IMS LD courses (Chapter 5).
A lesson learned from the deployment of the presented experiences is the inherent dif-
culty of the replication process. On the one hand, the immature state of the technology
puts a risk on the enactment of the learning ow and requires the researchers to be alert to
unexpected events. On the other hand, it is not always feasible to arrange all the human
resources required to deploy authentic experiences, so they have to be carefully prepared so
that the risk of failure is reduced to the minimum.
Chapter 7
Evaluation of the proposed
model
If you don't crack the shell, you
can't eat the nut.
Persian proverb
7.1 Introduction
According to the methodology adopted in this dissertation, presented in Chapter 1.3, the
deployment and latter analysis of experimental work is required for the validation of the
presented proposal. Validating experiences are oriented towards observing to what extent
the Generic Service Integration proposal solves the limitations detected in the literature and
in observations of previous experiences. The validation phase iterated with the denition of
the proposal so that the weaknessess highligthed by the rst experiences served as feedback
for the next iteration of the design process. As a result, the last presented experience was
supported by a more robust system than in the rst ones.
The experimentation performed in this dissertation was based on the deployment and
analysis of dierent cases of study [219]. Each case of study is a world unto itself and the
conclusions extracted are, strictly speaking, only applicable to the case under study. The
generalization of the results depends on the particular circumstances of the scenario and
lays on the subjectivity of the interpreter. Cases of study are applied in those scenarios
where there is a high number of factors that may aect the results and it is dicult to
recreate an experimental situation without these factors. This is exactly the particular case
of learning experiences, where the results are inuenced by (just to mention some of them)
environmental, historical, personal and institutional factors. Besides, the few experience in
the eld make it dicult to perform another types of research, such as literature review or
surveys. Thus, case study research is therefore applicable to the research presented in this
dissertation.
The developed cases of study dier among themselves in several factors such as the
number and prole of the participants. Each experience oered dierent data that enabled
their analysis. Due to this heterogeneity, it is dicult to establish a common procedure
for the data analysis and, as a result, each experience has been evaluated considering the
particular needs of the enactment scenario. In all cases, qualitative data allowed to identify
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the ndings, while quantitative data was used to reinforce the conclusions. That is, the
analysis of the experience followed a mixed evaluation method [11].
The developed experiences were held in a sequence that allowed the researcher to step-by-
step analyse the proposal from its simpler fact to the more complex concerns. Following this
paradigm, three cases of study were deployed, each of them built on the lessons learned from
the analysis of the previous ones. The rst of the presented experiences was oriented towards
the analysis of the feasibility of the GSI courses when they are enacted by practitioners. The
rst objective was to determine if the replication process was realistic enough for large-scaled
scenarios. The second goal was to observe how the users understand the model. The second
experience aimed at the study of the support provided by GSI in the enactment of traditional
learning methods such as Project Based Learning when applied to a large number of students.
The impact of the technology-driven orchestration in the model was also under observation.
Finally, the third experience analysed to what extent the proposal provides support for the
deploy of innovative learning scenarios combining dierent technologies, spatial locations
and activity types.
The rest of this chapter is organized as follows: Section 7.2 presents the results of a
workshop with the participation of instructors from primary and secondary education with
no previous knowledge of IMS LD. Next, Section 7.3 details the use of GSI for the support
of a programming course with the participation of 425 students and 8 teachers. The last
experience, presented in Section 7.4, is based on a previous scenario where the use of mobile
phones and dierent spatial locations posed excessive workload to practitioners. The expe-
rience demonstrated that the use of GSI alleviated the required administrative workload.
Finally, Section 7.5 presents the conclusions extracted from the experimental phase of the
dissertation.
7.2 Feasibility of GSI driven adaptation in real scenar-
ios
Education has undergone signicant changes especially in the area of teaching strategies.
The widespread use of information and communication technology allows teachers to access
a larger variety of resources. Furthermore, students may use Internet as a vast catalogue
where information can be searched and used to complete the activities proposed by the
teacher. The variety of learning scenarios deriving from this change is breathtaking. As a
consequence, students may take now a much more active role in educational experiences,
and these experiences can be tailored to their preferences.
Ideally, instructors may prepare hypermedia material such that the resources oered to
a student depend on her interests, prole, previous knowledge, past performance, or many
other possible factors. This material is called Adaptive Hypermedia [220]. It is important to
establish the dierence between adaptable and adaptive content [221]. Adaptable material
is meant to enable users to adapt themselves the content layout and navigation support to
their preferences. On the contrary, in the case of adaptive material, these adjustments are
performed automatically based on observations of the user behaviour. There are dierent
types of adaptive learning schemes depending on the elements to modify [222]: Content
adaptation, where the same learning activity is presented to all the students but with dier-
ent material; ow adaptation, where a dierent set of activities is chosen for each student;
and interface adaptation, where the same information is presented to all the students but
with dierent layouts.
There are multiple aspects to consider when adapting the content of a learning experi-
ence. For example, Felder and Silverman [223] dened a set of learning styles as the basis to
select dierent types of resources. In general, adaptation can be performed based on student
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goals, preferences, background, personal interests, etc. [224]. Adaptation does not always
depend exclusively on personal data. Learning experiences can also be changed based on
the surrounding environment. For example, Muntean [225] studied how to adapt learning
material based on the Quality of Experience of the used network, and Brown [226] studied
the adaptation of an experience based on the learners' spatial location.
Another relevant factor in the adaptation of a learning experience is the delivery mode.
A rst approach is to use a dedicated platform providing a totally self-contained and fully
functional adaptive learning environment to the users independently of any other tool. An
example of this type of tool is AHA [227]. A dierent approach is to use a pedagogically
neutral framework allowing the use of adaptive learning schemes as well as any other learning
strategy. The IMS Learning Design specication (hence IMS LD) [203] falls into this cate-
gory. IMS LD is a formalism conceived to create, deploy and enact interoperable, reusable
and self-contained learning experiences. The specication allows the use of conditional ex-
pressions and properties to dene multiple sequences of resources, and therefore, it is a
suitable formalism to dene and deliver adaptive learning material, as claimed by Burgos et
al. [130]. A learning experience described in IMS LD is then enacted by a so called engine,
a computer program that deploys the appropriate sequence of resources and environments
to the participants.
But the properties used in a learning experience described with IMS LD can only be
modied through expressions in the resources included in the course. In other words, the
engine interpreting the choreography is self-contained, all properties are interpreted and
modied within the engine. From this point of view, IMS LD can be dened as closed
to external properties, understanding \external properties" as those managed outside the
engine. The main consequence of this limitation is the impossibility for IMS LD courses to
obtain information from external sources. That is, a learning experience cannot be dened,
for example, to use conventional third-party Web 2.0 tools hosted in external platforms and
adapt the environment depending on the activities that took place in these platforms. If, for
example, a IMS LD learning experience uses an external collaborative virtual whiteboard, its
use may be scheduled, but the adaptation cannot take into account any of the (potentially
useful) events that occurred in this third-party tool.
Generic Service Integration, the proposal described in Chapter 5, allows the exchange
of information among the IMS LD player and third-party tools. It is therefore a mean to
design IMS LD based adaptive activities that rely their support on external tools. The
feasibility of the proposed approach was evaluated in a pilot experience attended by 22
teachers from primary and secondary education with no previous knowledge of IMS LD.
These teachers were told to manage a course containing adaptive material based on the
results of a questionnaire hosted in Google Forms (see Chapter 5.4.1). The case of study was
aimed to validate the GSI model and to evaluate the teachers' perception of the proposal.
The experience used GRAIL [10] as supporting software. This engine includes a module
implementing the exchange of information between the engine and generic external services
as described in the GSI architecture.
The abovementioned experience is detailed in [202]. This section explains the details of
the enactment of the case study: rst, a description of the audience and the activities is
given; then the methods to evaluate the experience are presented; nally, the conclusions
obtained from the performed qualitative and quantitative analysis.
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7.2.1 Description of the experience
Demographic data
The experience was deployed in the context of a series of science oriented workshops, where
the presented one was advertised as Computer support for the creation of adaptive content.
Considering the title and the topic of the workshop, the expected audience was teachers
from K-12 or high schools interested on new methods of teaching and, more specically, on
using computers to support these methods.
Participants were volunteers that had to register days before workshop was held. A total
of 22 persons registered for the experience: 17 women and 5 men. Among them, there were
9 teachers from K-12, 3 from high school and 6 were counselling psychologists. 38; 9% of
them claimed to have advanced computer skills, while the rest had basic computer skills.
Their computer skills averaged 3,38 on a scale of 1 to 5. Each participant was provided with
a laptop to work individually in the activities. The participant proles are summarized in
Table 7.1.
Variable Number %
Men 5 22,73
Women 17 77,27
Primary Education Teachers 9 40,91
Secondary Education Teachers 3 13,64
Counselling Psychologists 6 27,27
Unknown occupation 4 18,18
Average computer skills 3,38 (out of 5)
Standard deviation in computer skills 0,83
Table 7.1: Summary of participant proles
Workshop activities
The activities were carried out in a single four-hour session. The objective for participants
was to understand a previously-created UoL, and create a new one based on a similar tem-
plate. The team of tutors guided the participants through the activities in the workshop.
That is, there was neither written description of the activities nor an automated orches-
tration system. The UoL under study contained a ow with three acts where the second
one was adapted depending on a questionnaire obtained in the rst act. The structure was
quite similar to the What is Greatness UoL [92], but obtaining the data from a Google
Spreadsheet-based form, using GSI. Each participant was given an independent user space
in the platform. UoLs were already deployed and instantiated so the rst required step was
to subscribe the students to the course.
The workshop activities were divided as follows: rst, researchers' team introduced the
IMS LD framework to the audience, focusing on the adaptive capabilities of the specication.
This explanation was followed by a demonstration of the example UoL, showing how the
adaptation was implemented in the working case. Then, participants replicated the same
sequence of activities in their own computers, assuming the corresponding roles of the UoL.
They changed from the teacher role to the student one when the ow suggested so, both
roles were being played in parallel. At this point, the participants interacted freely with the
learning ow, asking for help when required.
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In the second part of the workshop, the participants used GRAIL to create a new version
of the adaptive ow: they started from a UoL where the ow was identical to the one in
the previous activity, but with no content. They used the editing functionality oered by
GRAIL to add content to the course. The objective of this second stage was to consolidate
the acquired knowledge of the specication, seeing if the provided example would t in their
personal working environment and, if not, what new features would be required.
Before nishing, participants were invited to take part in a group discussion moderated
by the researchers. The goal was for participants to reect on the possibilities of adaptive
schemes and the integration of third-party services in the course ow. This nal discussion
also provided feedback about the content of the workshop and its methodology.
7.2.2 Evaluation Methodology
Research questions
The workshop was intended to study two dierent aspects of the proposed architecture:
from the technical point of view, the experience helped to evaluate if the GSI model really
satises the requirements discussed in Section 5.5 (pedagogical neutrality, reusability, self-
containment, adaptability, collaboration). In particular, the research questions about the
architecture characteristics were:
RQ1) Can UoLs using GSI be reused in completely independent course instances?
RQ2) Is it feasible to deploy such a scenario at a reasonable cost?
The workshop also evaluated the acceptance of the model by the participants. In order
to keep improving the proposed architecture and the provided features, it is important to
determine how teachers understand the model, its perceived usefulness and the most valued
features. The specic research questions in this area were:
RQ3) How dicult is for teachers to understand the \script based adaptation" paradigm?
RQ4) How teachers ponder the feasibility of IMS LD based adaptation?
RQ5) Does spreadsheet-based question management lower the adoption threshold of IMS
LD based adaptation?
RQ6) Are Web 2.0 tools currently considered as teaching tools by instructors?
Data sources
The case of study oered several data sources: the surveys lled by participants, a nal group
discussion with the observations of the researchers and the instantiation process itself.
Participants received a total of three questionnaires, referred as Q1, Q2 and Q3. First,
they were contacted by e-mail prior to the workshop and asked to ll a questionnaire to
determine the participants' prole. The second questionnaire was presented before the break
between activities, and was aimed at capturing their rst impression of the adaptive learning
scheme. Finally, in Q3 they expressed their conclusions about the feasibility of the learning
method to be deployed in real scenarios. The questionnaires had a mixture of quantitative
and qualitative questions and their analysis followed the principles of a mixed evaluation
method [11]. A summary of the most relevant questions presented to the participants is
given in Table 7.2.
When course activities had nished, participants were invited to discuss or comment
what they found interesting in the workshop. A group of ve participants took part in this
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Id. Question Comment
Q1: before the workshop
Q1.a Computer skill of the participants
1=Low-Skilled
5=High-Skilled
Q1.b Occupation of the participant Open question
Q2: before the nal activity
Q2.a Diculty/benet ratio of adaptation
1=Too dicult
5=High benet
Q2.b Comprehensibility of the example
1=Incomprehensible
5=Very comprehensible
Q2.c Diculty/benet ratio of the example
1=Too dicult
5=High benet
Q2.d Comments about the adaptive script Open question
Q2.e Realistic in a real scenario?
1=Unrealistic
5=Very realistic
Q2.f Useful in a real scenario?
1=Useless
5=Very useful
Q3: after the workshop
Q3.a Diculty/benet ratio of the example
1=Too dicult
5=High benet
Q3.b Feasible to be deployed in your working scenario?
1=Not feasible
5=Very feasible
Q3.c Is the access to the spreadsheet easy to use?
1=Not easy
5=Very easy
Q3.d Does the spreadsheet provide any added value?
1=No added value
5=High added value
Q3.e What is the spreadsheet useful for? Open question
Q3.f Web 2.0 tools to include in an adaptive course Open question
Table 7.2: Summary of the questionnaires used in the workshop.
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discussion, which oered relevant reections to better understand the participants' view of
the used tools and methods. Researchers methodologically guide the discussion between an
informal conversation interview and guided interview [228]. That is, there was an informal
plan that guided the conversation and, depending on how talkative the participants were,
the interview reminded more one of the other methods.
Finally, the issues of the instantiation and enactment process itself oered the researchers
data to determine the technical feasibility of the model.
Analysis methodology
Considering that the above listed research questions can be divided in two groups (technical
feasibility and participants' view of the model), they were analysed using dierent datasets
and following dierent methodologies. First, technical feasibility was qualitatively evaluated
by considering the observations of the instantiation process and the technical issues occurred
during the workshop. Second, the analysis of the participants' view of the model followed
the principles of a mixed evaluation method so that qualitative and quantitative techniques
were in use. This approach allows expanding an understanding from one method to another,
at the time that it allows triangulating data so that the evidences shown by one method can
be conrmed or refuted by the other [228].
The questionnaires included numeric questions with a Likert-scaled response, used for
qualitative analysis; and open-ended ones where participants freely expressed their opinions
for qualitative analysis. The qualitative analysis also considered the nal group discussion
as a valid source of data.
The goal of the case study is to see how teachers understand the IMS LD courses, its
adaptive capabilities and the connection of the framework with Web 2.0 systems. The aim
is to reveal an overview of the GSI model's feasibility in current education, i.e., map the
phenomenon. This is why qualitative analysis was used. In such type of analysis, the size
of the sample is not an issue because the factors and/or opinions tend to repeat after a
low number of questionnaires [229]. It goes without saying that there is no guarantee of
identifying all factors that aect the phenomenon, but the most relevant ones are usually
identied with such analysis. Since a case study is inuenced by environmental factors and
cultural issues, there is no room for the generalization of the results [219]. However, this
is not an issue for the sake of this study because generalizing to the whole population of
teachers is not a goal of the research. It is worth to mention that the statistical analysis
described later suggests that some of the results could have been obtained also in larger
samples. The worthwhile assertion here is that there is a chance of discussion, rather than
asserting the generalization itself.
There is an intrinsic subjectivity on qualitative analysis. It could be argued that the
results of the presented study are biased by dierent factors of the workshop, and that
researchers have emphasized some factors more than others. To promote objective results as
much as possible, the quantitative analysis is used to reinforce the ndings of the qualitative
one. The numeric questions included in the questionnaire allow extracting more objective
conclusions than the text-based ones. In the context of this study, they were included to
conrm the ndings of qualitative analysis. To ensure that the mean and the standard
deviation of a sample has not been randomly produced, statistical analysis allows detecting
those situations in which the results are signicant or not, even when the size of the sample
is small [230]. In the presented study, quantitative data is represented by their mean and
standard deviation. In those cases where two paired samples are compared, the T-test was
used to examine the signicance of the results.
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7.2.3 Results
The instantiation process and the workshop itself serve as response for research questions
RQ1 and RQ2, formulated in Section 7.2.2. First, each participant interacted with a dierent
course instance. All the proposed activities were successfully completed by the participants,
which means that they could work with their individual course instance. Since there were no
reported problems specically related to the interaction among IMS LD and Google Forms,
it can be said that GSI-shaped UoLs are as reusable as IMS LD courses are (RQ1). The
deployment of the UoLs was performed by the researchers prior to the workshop, so the
rst participants' activity was to instantiate the courses. The process was repeated once
per each participant, so the steps required for the course instantiation were repeated a total
of 25 times. This task revealed to be highly repetitive and therefore easy to automate.
The creation of an automation script reduced the time cost of administrative tasks so they
remained into reasonable values (RQ2). Considering the deployment and enactment process
it can be said that GSI-shaped UoLs maintain the self-containment and reusability of IMS
LD.
The answers gathered from the participants were used to analyse the response to the
rest of the research questions. We now analyse how participants perceived the usefulness
of the architecture proposed in Chapter 5 of this dissertation, when applied to adaptive
course material. The analysis is based on the 18 valid collected answers. A graphical
representation of the obtained answers is shown in Figure 7.1, where the corresponding
questions are presented in Table 7.2.
Figure 7.1: Histograms of the obtained answers. Y axes represents the number of responses,
X axes is the option number.
Research question RQ3 regards how well the participants understood the script-based
adaptation paradigm. The straightforward facts that support the comprehensibility of the
approach are, rst, that all participants successfully developed the proposed activities and,
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second, that they expressed a positive opinion of the workshop. Examples of this positive
opinion in the questionnaires are: \reasonable diculty, and interesting", or \it seems easy
to use and with a fast deployment for teachers with no experience with computers". The
participants agreed on the argument that they had preferred to have more time to com-
plete workshop activities, but the questionnaires do not contain negative comments on the
comprehensibility. The perception of the researchers is that the model was quite well under-
stood by participants. This perception is also supported by quantitative data, summarized
in Table 7.3.
Question Mean Standard Deviation
Q2.a 4,18 0,81
Q2.b 3,94 0,8
Q2.c 4 0,69
Q3.a 3,67 0,82
Table 7.3: RQ3 relative questions.
The value obtained in question Q2.b shows that the example, the UoL with GSI, was
quite comprehensible (3,98 out of 5). Considering the values obtained in questions Q2.a
and Q2.c, it can be said that course participants perceived the potential of adaptation and
use of third-party tools, while they felt optimistic about the diculty of the implementation
process. This perception on the diculty of the creation process evolved after performing
the nal activity of the workshop: The mean value of the answer to Q3.a shows that the
participants realized the diculty in the creation of adaptive material. The t-test for the
comparison of Q2.b and Q3.a samples (H0 : Q2:c = Q3:a ; H1 : Q2:c > Q3:a) reveals
that there is statistical signicance of the result (p-value = 0:03408).
Half of the participants explicitly mentioned that the implementation of the UoL in an
authentic situation would be benecial for students' learning and that it would increase their
motivation, at the same time that they recognize that teacher training would be mandatory
to success in such implementation. The perceived feasibility of such type of learning material
in a real situation is the matter of research question RQ4. Despite the positive view of the
enacted example, they expressed their lack of condence on its eective adoption. This view
is supported by some remarks such as \It's nice, but it appears to be too abstract, and far
from its application on specic material in the context of K-12 Education", or \I think it is
very interesting, but maybe the diculty appear while creating the material". Data shown
in Table 7.4 reinforces this view: they considered the example to be fairly useful for a real
scenario (Q2.f, 3,59 out of 5), but not feasible to be eectively deployed (Q3.b, 2,53 out of
5).
Question Mean Standard Deviation
Q2.a 4,18 0,81
Q2.c 4 0,69
Q2.e 3,24 0,97
Q2.f 3,59 0,87
Q3.a 3,67 0,82
Q3.b 2.53 0,72
Table 7.4: RQ4 relative questions
The previous observations conrm the results of other studies in the eld of IMS LD:
the most signicant obstacle for the adoption of the specication resides in the complexity
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of course authoring, rather than other problems like the understanding of the specication
or the required training process of instructors [84].
While performing the workshop activities, participants' comments and questions were
oriented towards understanding the process and the conditions imposed to the adaptation.
The researchers' perception was that the participants did not make a clear distinction among
the course ow manager and the spreadsheet tool. That is, they did not perceive the
spreadsheet as something external. Regarding the complexity of the authoring phase, rules
for questionnaire data management are easier to be edited with a specialized tool like a
spreadsheet, rather than using IMS LD vocabulary. This is the conclusion extracted from
Table 7.5, which provides and answer to research question RQ5. With no previous knowledge
of the specication and no experience using IMS LD conditions, course participants had
a positive opinion about the use of the spreadsheet. For example, \It's easy to analyse
the received data" show the relevance of a good interface; \Store registers so the teacher
can view students' progress, and maybe obtain a graphical representation" emphasizes the
potential on the use of specialized tools. This positive perception of conditions management
contrasted with other experiences on the use of IMS LD [231], where conditions authoring
were considered error prone and dicult to understand.
Question Mean Standard Deviation
Q3.c 3,19 0,83
Q3.d 3,88 0,86
Table 7.5: RQ5 relative questions
To evaluate research question RQ6, the number and variety of tools proposed in answers
to Q3.f were considered. If it is taken into account that the participants were volunteers
interested in supporting teaching methods with computers, the researchers found surprising
that only two of the participants proposed tools to incorporate in learning material: wiki,
e-mail and blogs were mentioned. The prevailing opinion can be summarized with \Any tool
is suitable for me, because I have so poor formation in the eld that any tool is a novelty".
Despite that educators perceived the potential of Web 2.0 tools in their learning context,
they do not currently consider these tools to be included as part of their courses and the
lack of training is perceived as one of the major determining factors.
7.2.4 Conclusions
The feasibility of the GSI proposal was evaluated in an experience consisted in a workshop
with 22 participants with teaching background and basic computer skills. The workshop
participants performed a practical activity aimed at understanding what IMS LD is and
how GSI can be used to create adaptive activities. There were two main aspects to evaluate:
the feasibility of course deployment (technical perspective) and the teachers' understanding
of the model.
From the technical perspective, the results show that GSI does not impose any loose
in the course replication process. This means that Units of Learning with GSI keep the
adaptability, self-containment and reusability initially provided by IMS LD. The absence of
remarkable problems during the deployment and the easy automation of the process allowed
the quick creation of course replicas. Furthermore, the use of a specialized tool such a
spreadsheet to manage the data provides the system with better usability.
Data gathered from the audience reveals that the main obstacle for IMS LD adoption
resides in the authoring process, while teachers acknowledged the potential Web 2.0 tools in-
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tegration. According to participants' opinion, the inclusion of spreadsheets to grade student
responses helps on data analysis and to view student's progress.
7.3 Orchestration of Problem Based Learning
The experience presented in Section 7.2 demonstrated the replicability of the GSI paradigm
and its suitability to be applied in real scenarios. The next step is to test the expressiveness
of the proposal in real educational scenarios. That is, to check if GSI is able to model an
already existing course for its later deployment and enactment. The enactment of a course
with the same learning ow but with a dierent technology does not necessarily improve the
course features nor solve the existing limitations. That is, a successful experience should
provide an added value that cannot be provided by other methods.
This section presents an experience deployed during the 2009/2010 academic year in the
University Carlos III of Madrid. The guinea pig was a Java programming course for freshmen
students. Older editions of the course suered from a scalability problem that did not
allow deploying innovative (but time consuming) teaching strategies such as Project Based
Learning. The result was a high dropout rate and an overall poor students' performance.
The use of GSI was intended to promote the replicability of an automatically orchestrated
learning strategy, so that it can be applied to a large number of students with a reasonable
cost. For the purpose of the experience, a Project Based Learning strategy designed for a
50-students group was instantiated several times so that the orchestration system managed
the learning ow of 425 students. The analysis presented in this section has been extracted
from the content of [183].
With the course successfully deployed and enacted, the analysis of the experience is
focused on the following topics: rst, the impact of the method in the students' and teachers'
workload. The former were supposed to work continuously, while the later should not
devote too much time to management tasks so that they can focus their eorts on tutoring
the projects. The second analysed aspect is the results obtained by the students in the
course. The analysis aims at determining if the learning method had a real impact on
students' performance. This second aspect is more related to with the use of PBL that to
the technology used for the scafolding.
The rest of the section is organized as follows: the problem statement and a revision of
the solutions found in the literature are given in Section 7.3.1. In Section 7.3.2, the delivery
method used in the course is detailed. Then, Section 7.3.3 explains what data was used to
evaluate the validity of the proposal and how this data was gathered. Evaluation results
are presented in Section 7.3.4. Finally, Section 7.3.5 draws the conclusions of the presented
work.
7.3.1 Problem statement and relevant literature
Programming courses are an important part of engineering curricula and an essential part
of most engineering programs [232]. However, learning to write programs is recognized to
be a challenging subject for students due to the required logical thinking and the implied
abstract concepts [233]. Programming courses pose also a challenge to teachers because of
the diculty of grading students' code in a fair and time-ecient manner [234].
As a consequence of these diculties programming courses suer from high dropout rates,
especially in the case of freshman students as documented in [235]. There are several factors
that cause these poor results, but the most relevant are time and motivation [236]. Pro-
gramming is completely new for most freshman students and they nd the required concepts
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dicult to understand. This fact aects their motivation and perceived self-ecacy, which
is another relevant factor that is reported to cause the observed high dropout rates [237].
Project Based Learning (PBL) is a teaching technique that increases students' motiva-
tion. It is based on the constructivist theory, which promotes the active participation of
learners in the learning process so that they are able to build their own knowledge. PBL is
successfully used in programming courses, but scaolding such a learning ow poses a great
cost to teaching sta [238].
The application of the Declaration of Bologna in Spanish universities promotes a shift
from a knowledge-based learning model to a competence-based one. The straightforward
consequence is the need to apply teaching methods based on user practice, encouraging
continuous work during the semester. Constructivist methodologies are therefore acquiring
relevance in the development of the syllabus, where project-based learning activities are an
appropriate choice.
The scenario considered in this work is a freshmen programming course with 425 students
in a higher education institution. During the course, students worked in pairs to develop
code for the solution of a complex problem. Students were divided in 12 groups and tutored
by 8 teachers. In such scenario, all assignments require a scalable deployment and grading
methodology. In previous editions of the course, the students submitted their code in a
single nal submission. This delivery method was required due to the impossibility for the
teaching sta to receive and grade several submissions during the semester. The consequence
of this method was that the students did not receive proper feedback until they nished their
assignments, and the quality of the submitted solutions was lower than desired.
This section presents a GSI based method to scaold a project-based learning strategy
that promotes students' continuous work and reduces the workload of the teaching sta by
automatically testing the submitted code. The activity descriptions were delivered to the
students based on the results of the automated tests, so each pair of students worked at
dierent, self-regulated paces. IMS LD was used to deliver the activity ow. The code
testing was performed by a Web based delivery platform, a tool developed for this purpose.
The linkage between the activity ow and code testing was mediated by GSI. The proposed
delivery method was deployed in the second semester of the 2009/2010 course, as part of
engineering programs at Carlos III University of Madrid. The results show that the new
method was well received by students and the evaluation reveals a signicant decrease in
the number of dropouts in contrast to previous editions of the course.
Literature review
Grading the code submitted by students in programming courses is recognized to be a
tedious and error-prone task [234]. The problem has received signicant attention in the
research community. In 1989 the TRY system was developed and applied in Computer
Science curriculum [239]. The grade was assigned based on the results of test cases applied
to the submitted code. The conclusions of this work claimed that the management of a large
number of assignments performed by students is only possible thanks to the automation of
the grading process. Similar conclusions are drawn by Feldman and Jones [240].
Cheang et al. [234] deeply analyses the factors involved in a fair grading system. Accord-
ing to this work, test cases are helpful to evaluate the correctness, robustness and eciency,
but are not suitable to determine the maintainability of the code. Thus, a human review
must be still present. One of the drawbacks of code testing as a grading method is the need
to reduce the assignment size, due to the diculty to create test cases for large programs.
Project-based learning (PBL) techniques can be used to increase student motivation and
reduce dropout rates [238]. With PBL, the achieved learning comes from the process of
understanding and solving an open-ended problem in a collaborative manner. This method
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helps students understand the whole problem. It is widely used in education, and there is
extensive literature that describes the use of PBL techniques in programming courses [241,
242, 243].
Nuutila et al. [244] apply the methodology with a successful reduction of dropout rates.
However, when they explored tutorless scenarios, they claimed that the process is dicult
to be scaled to large groups. Kose [245] proposes to support PBL task assignment through a
Web based platform were both teachers and students are guided by a task-ow manager. The
automated ow management reduced teachers' workload and increased the scalability of the
methodology, but was only applicable in the described context because of the case-specic
functionalities of the platform. Following a similar approach, Garca-Robles et al. [114]
proposed a method to handle the activity ow with the IMS LD specication. This method
focuses also on Web usage and enhances reusability and interoperability of the designs.
However, due to the intrinsic limitations of IMS LD, they used the specication features as
a design procedure, but not as a delivery and enactment method.
The orchestration method used in the experience combines the two reviewed teaching
paradigms in a single course: on the one hand, a project-based learning methodology was
applied to 6 week long projects in order to increase students' motivation. These projects
were orchestrated using IMS LD. On the other hand, the grading system was based on auto-
mated execution of test cases, with the aim of reducing the workload of teaching sta. The
information exchange between the activity ow orchestrator (IMS LD runtime environment)
and the Web based testing system was mediated by Generic Service Integration (GSI).
7.3.2 Orchestration of the Learning Flow
Context of the experience
The context in which the experience took place is a programming course in a higher education
institution: University Carlos III of Madrid, in Spain. The course is placed in the second
semester of the rst year programme, and its content depends on a previous course of the
rst semester. The students took another programming course during the previous semester.
As a result, students who did not pass the rst term course usually leave the second semester
course during the rst weeks. This course is taught simultaneously in four dierent degrees,
all of them with a telecommunications engineering background. The number of students is
consequently large, and so is the number of tutors.
One of the goals of the course curriculum is the encouragement of continuous evaluation
methods. The course grading policy is as follows:
 5 ve-minute tests performed during lectures (5%)
 2 midterm examinations (20%)
 2 software projects, based on Project Based Learning methodology (20%)
 The cooperation and work shown during the laboratory sessions (10%)
 A nal examination at the laboratory (15%)
 A nal paper based examination (30%)
The experience description given in this section focuses on the scaolding method for
the software projects. A discussion of the whole grading methodology is out of scope of this
dissertation and it is mentioned here to contextualize the experience.
In previous editions of the course, the students worked in pairs (also referred as \teams")
in the software projects, and they performed the tasks in an unsupervised environment, with
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the possibility to ask for the help of tutors and having to deliver the code in a single nal
submission. The obtained results qualitatively showed that the project-based approach
encouraged the students to study programming, but the method presented several aws:
 Instead on performing a continuous work, the students solved the task just some days
before the deadline.
 Several students could not face the accumulated work so they dropped the course.
 Several groups did not understand the task, and they did not ask the tutor.
 Other students did not ask the tutor because they thought they understood the task,
but they did not.
 The submitted code was, in most cases, below the expectations. There were many
submissions that did not full the requirements, and even code that did not compile.
The aim of the proposed scaolding method is to promote continuous work, thus reducing
the dropout rate and increasing the quality of the submitted code without increasing the
teachers' workload during the course.
Orchestration Details
The described experience was held in the 2009/2010 course, with a total of 425 enrolled
students from 4 engineering degrees. For administrative reasons, students were divided in
12 groups ranging from 21 to 46 members. Each group was assigned a tutor, with a total of
8 teachers tutoring the PBL activities within the dierent groups. Groups' schedules were
coordinated, but there were minor variations on each group due to calendar restrictions.
That is, all the students performed the same sequence of tasks, but in dierent dates.
The grading system of the programming course was not modied with respect to the
previous year, except for the scaolding method in the two projects. The project description
was divided in two parts: rst, the overview of the software application to develop; second,
the detailed description of each task. The overview included the functional requirements of
the project and also the submission instructions, so that students knew the exact value of
each portion of the code. The detailed project description was fragmented in three modules,
which were submitted and graded separately. The modules were designed in such a way
that one part depended on the previous one, so they had to be developed in order.
The students initially received the overview of the project and the description of the
rst task to perform. They could also access a Web based delivery system to submit their
code. Immediately after the code was received, the submission system compiled it and ran
the corresponding test cases. The feedback oered by the test cases was presented to the
students, who instantly knew if their code was successful. Once the students' code passed the
tests, they were allowed to access the description of the next task. This method guarantees
that the activities are performed in the planned order.
The test case was provided to students only for the rst task. They rst tested their
code in their own computer and, when the code was correct, they submitted it. In the
remaining tasks, the students were responsible for the development of their own test cases
before submitting.
To encourage continuous work, a deadline was set for each submission. Pairs who sub-
mitted their code before the deadline did not have to wait until this date to receive the next
activity description, so that they got more time to perform the task. Pairs who did not
submit their corrected code before the expected date could keep working in the task and
resubmit it, but they were penalized with the impossibility of submitting the last part of the
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project: penalized teams were not allowed to nish the project, but they were not prevented
from developing code in the expected order. The activity ow for students and teachers is
depicted in Figure 7.2.
Figure 7.2: Timeline of the learning ow.
There were two laboratory sessions, one in the rst week and another one half-way
through the development process, dedicated to work in the project. In those sessions, teach-
ers explained the software requisites, provided development guidelines and answered the
most frequent questions. The rest of the time, students worked unsupervised and went to
teachers' oce hours if they got stalled.
The teachers graded the students' code after the last deadline and each part of the
project was graded independently. The criteria considered correctness and maintainability
of the code. The former was guaranteed by the testing system, so the teachers focused on
maintainability. Incorrect code was also considered, but never graded above 5 (out to 10).
The students were warned of the use of plagiarism detection software and, at the end
of the project, all submissions were analysed by sim [246]. The teaching sta individually
interviewed the teams involved in the detected copies. The teachers then decided whether
or not the case was an actual copy, and took the appropriate measures.
Technological Aspects
The IMS LD specication was used to capture the learning ow detailed in the previous
subsection. The resulting Unit of Learning was deployed and enacted using GRAIL [10],
which provides support for IMS LD and GSI. The remaining of this section is devoted to
highlight the relevant parts of the design process1.
The requirements of the learning ow were:
 The overview of the software to develop, as well as the grading method, must be always
available.
 Activity descriptions are released only when the previous activity has been completed.
 An activity is completed when the submitted code passes the corresponding test.
 The students are working in pairs, so the completion of an activity by a single student
must have the corresponding eect on the other team member.
 Each team should be able to work at its own pace. Teams delayed with respect to the
schedule are penalized.
1The UoL can be downloaded from https://gradient.it.uc3m.es/file-storage/view/pub/
progsis-UoL.zip
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 Teachers are allowed to modify the initial schedule at any moment during the course.
The whole course was modelled as a single act with two activity structures. In the rst of
them, activities were delivered all at once (selection structure type), while in the second one
the activities were sequenced in order (sequence structure type). The completion condition
of these activities was a property to be set with a certain value.
The UoL dened one role per each team of students and a total of 26 roles (including
the teacher role) were considered. No restriction was imposed in the number of students
per role but, in practice, each role was populated by two students. As a result, each UoL
instance was populated by a maximum of 50 students.
Conditions were established so that they considered the three time slots. The completion
of an activity had dierent results depending on the slot in which it occurs. For example,
the completion of the rst task releases the second activity when it happens in the rst slot,
but nothing is released when it happens in the last slot (because of the penalization).
The code submitted by students was uploaded in a Web based delivery platform, a simple
tool developed for this purpose that compiles the code and runs a test immediately after the
student's le is uploaded. The delivery platform instantly prompts the result of the test,
and also stores it in a log le along with the submitter identier. This log le can be later
accessed by simple HTTP requests.
The information exchange between the learning ow and the testing tool is performed
by the GSI layer, whose major actions are two:
 From the user interface point of view, GSI retrieves the corresponding submission
page of the delivery platform and modies it so that it includes the identier of the
submitting student. Then, the page is presented to the student, to whom this process
is transparent.
 From the point of view of the learning ow management, the GSI layer was scheduled
to retrieve the log les each 10 minutes. The retrieved information is parsed so that the
property 'activity-N-nished' is set to 1 if the student passed the test, and otherwise
to 0.
The interaction among the three parts, IMS LD, GSI and the delivery platform, is
depicted in Figure 7.3.
7.3.3 Evaluation Methodology
The deployment of the presented GSI based orchestration method aims to encourage stu-
dents' daily work and study the eect on their performance. Therefore, the evaluation of
the experience analyses the students' performance compared to what happened in previous
editions of the course. Another aspect to be evaluated is the workload of the teaching sta,
which should be kept into reasonable margins.
The data under analysis is obtained from three dierent sources, summarized in Table 7.6.
First, the nal course grades. The development of the software project is expected to have
an impact over the rest of the graded tasks, so the analysis considers all the graded activities
in courses 2008/2009 and 2009/2010.
The second data source is an anonymous survey that the students were encouraged to
ll. The survey was anonymous and optional, and its completion did not aect the grade in
any sense. The survey was available some days before the nal examination, and was closed
on this date. The survey was intended to capture the students' opinion of the scaolding
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Figure 7.3: Architecture of the orchestration system.
Source Description Amount
Student's grades Numeric data including the nal
grade and the partial results
425
Survey to students Likert scale and free-text data.
The answer was optional, anony-
mous and before the nal exam
104
Survey to teachers Likert scale and free-text data.
Answers given after the nal
exam
8
Table 7.6: Data sources for the evaluation of the experience.
method. Some of the questions were free-text answered, some others were multiple choice
questions, and the rest of them used a ve-point Likert scale2.
Finally, the teaching sta also lled a survey to qualitatively gather their opinion of the
scaolding method. The questions of that survey were both Likert scale and text based.
The answers were obtained after the nal examination was completed.
2A report of the survey results can be downloaded from https://gradient.it.uc3m.es/file-storage/
view/pub/progsis-survey.pdf (in Spanish)
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7.3.4 Results
Students' Workload
The presented scaolding method is oriented towards promoting continuous work during
the course. Considering the two projects, the students implemented and submitted a total
of 6 tasks in a period of 9 weeks. Table 7.7 shows that 90.35% of the received submissions
passed the test cases, and 92,8% of the functional submissions were received according to
the expected schedule. The table also shows that 6,5% of the teams were not able to develop
a correct solution in time, but they keep working and submitted it after the deadline.
The teachers were asked about their perception of students' continuous work and they
answered 3:88 on average. Some opinions show that the students valued the relevance of
the continuous work within the course. For example, one said that \there is no problem if
you keep your work up to date", and another student stated that \this method forces you
to nish the task on time, which helps people to keep tasks up to date".
Project 1 Project 2 Total
Before deadline
pass 483 432 825
do not pass 35 38 73
After deadline
pass 35 47 64
do not pass 8 14 22
Total 543 441 984
Table 7.7: Submissions received
According to teachers, the diculty and workload of the projects was similar to those
proposed in previous years. This year, however, students reported an excessive time ded-
icated to the projects, in contrast to other parts of the course. According to the survey,
30,77% and 54,81% of the students worked more than 20 hours on each project (see Ta-
ble 7.8). They recognized the projects as the most time-demanding task during the course,
and they claimed for more weight of the projects in the grading system. Lot of students
said that \we have really worked a lot hours in the project" and that \the projects stole
you too much time, this is not according to their weight". This opinion is shared by the
teachers, who said that \two projects means too much work, we should consider having only
one project in the future". The interesting fact about this opinion arises when the course is
compared with previous editions, where teachers did not perceived such excessive workload.
It can be argued that the scaolding method really forces the students to work, so teachers
viewed the actual workload of the project.
The workload imposed to the students was also reected in the intensive use they did
of teachers' consulting hours. In general, students asked about the project more than in
previous years, both in laboratory sessions and during consulting hours.
Despite the workload reported by students, the scaolding method was considered bene-
cial. According to Table 7.9, they would like to use the system in future courses. Improve-
ments to the system was suggested in the survey, the most demanded one can be summarized
with this opinion: \I would add the possibility of repeating the submission once the code
has passed the test, so that we can improve the code and its comments".
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Project 1 Project 2
Time spent
< 10 hours 13:46% 8:65%
10-15 hours 37:50% 15:38%
15-20 hours 18:27% 21:15%
20-25 hours 17:31% 19:23%
> 25 hours 13:46% 35:58%
Table 7.8: Time used by students in project development
Yes 69 66:35%
No 16 15:38%
N/A 19 18:27%
Table 7.9: Answers to the question: Would you like to use the same submissions system in
future courses?
Teachers' Workload
The tasks required from the teaching sta were the following: rst, they had to explain to
the students the methodology of the project and the requisites of the code. Then, teachers
tutored the students when requested, both in laboratory sessions and during oce hours.
Teachers were also responsible of setting the submission dates, so they had to be coordinated
with teachers from other groups. Finally, they had to grade all submissions. Apart from
setting the submission dates, these are essentially the same tasks than in previous years.
That is, the scaolding method did not increase the number of teachers' tasks. On the other
hand, the teachers' workload required to perform these tasks changed in respect to previous
years:
Oce hours. As explained above, students asked more questions about the project than
in previous years. Some teachers have used more time to answer these questions than
the time they scheduled for the task. There was an agreement that attending students
during oce hours was the most time demanding task this year: \the semiautomatic
grading system has increased the workload related to doubts resolution".
Grade submissions. This year, all the code graded by teachers had successfully passed
the tests lter, so correctness was guaranteed. As a result, the grading process was
limited to check for code maintainability, which is simpler than grading functionality.
As one teacher commented, \the pre-grading has removed a lot of unnecessary work".
The management of submission dates required the coordination of the 12 groups, which
was not always possible due to calendar restrictions. The consequence was that the dates
were occasionally too close to the midterm exams. The Unit of Learning allowed modifying
the dates, adding certain degree of exibility to the system, but the more tasks imposed to
students, the more challenging dates selection is.
One of the most demanding administrative tasks was to register the students in the IMS
Learning Design runtime engine. Students had to create the teams among themselves and
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report their decision by certain date. There were several teams reported past the deadline,
and numerous team adjustments needed to be made during the project execution. IMS
Learning Design does not oer the desired exibility to accommodate these changes which
translated in a peak in administrative tasks.
Drop Out Rate
A relevant fact extracted from the data presented in Table 7.10 is a signicant decrease in
the dropout rate: 36,23% of the registered students left the course before the nal exam, in
contrast to the 51,71% observed in the previous year. There are several reasons that explain
this decrease. Among other factors, the project scaolding has contributed to it. First,
the increasing diculty: the activity ow starts with the easiest tasks and the diculty is
increased gradually with each activity. When students nish the rst activity, they instantly
know that they will get a high percentage of this task's score, so they get engaged with the
project. On the other hand, they instantly knew if they succeeded in their development,
with a consequent increase of their self-ecacy. When asked if they perceived the scaold-
ing method as benecial, the prevailing opinion was that \it is an incentive, because it is
satisfactory to know quickly if your code works", and also \having to clear levels is like an
incentive for our motivation".
Overall Course Results
The continuous work is expected to have an impact over the overall course results. As
discussed above, the most straightforward observation is the reduction on the number of
dropouts. There are also other interesting results extracted from the data presented in
Table 7.10.
The scores obtained in the projects were signicantly greater in the 2009/2010 edition
of the course. As one of the students said, \once submitted, we know whether ours code
succeeds or not". The immediate result is that the students were able to iterate until they
got the right solution: the more solutions you get, the higher the grade. In the 2008/2009
edition the students only if the submitted solution was correct when the nal grades were
published, so there was no chance to improve the solution.
This increase in the project performance was expected to be reected on the examination
results. But, surprisingly, the results were worse than the previous year. The fact could be
explained by the less time the students had to prepare the theoretical part of the midterm
exams. For example, one student argued that \sometimes it seems impossible to study,
because of the lack of time". Another possible argument to explain the midterm results is
that the students \played" with the distributed grading system. That is, there were several
project tasks contributing to the nal score, so their interest on the midterm exams decreased
in favour of the projects. Another plausible explanation is that students acquired better
programming skills, but they worse theoretical skills. However, this argument contradicts
the increase in results obtained in the nal exam.
The course overall score was a bit higher than in the previous year, but the dierence
is not statistically signicant (p-value> 0:05). That is, those who took the course had an
overall performance similar to the obtained in the previous year. There were more students
who took the course, so there were more students who passed the course.
In summary, the proposed scaolding method emphasizes the acquisition of programming
skills, instead of promoting the knowledge-based learning. The overall results are similar in
terms of the number of students who passed the course, but dier in the number of dropouts
and the type of learning they acquired.
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2008/2009 2009/2010 p-value
Drop out rate
212/410 154/425
3:0  10 6
51:71% 36:23%
Project 1 score
mean: 4:76 6:63
2:8  10 11
std: 4:00 3:38
Project 2 score
mean: 4:03 6:65
2:2  10 16
std: 4:00 3:06
Midterm 1 score
mean: 4:80 4:28
0:0036
std: 2:15 2:31
Midterm 2 score
mean: 5:00 4:14
3:8  10 5
std: 2:53 2:26
Final exam score
mean: 4:06 4:54
0:0152
std: 2:54 2:24
Total score
mean: 5:18 5:413
0:0965
std: 2:03 1:81
Passed the course (over
registered)
123/410 180/425
9:7  10 5
30:00% 42:35%
Passed the course (over
non dropouts)
123/198 180/271
0:1697
62:12% 66:42%
Table 7.10: Student results in dierent course editions
Plagiarism
The data extracted from the plagiarism software (executed at the end of each project), is
summarized in Table 7.11. There was a large amount of copied submissions, especially on
the rst project. The interviews with the involved teams revealed four main cases:
Shared work. Some teams joined their eorts and shared their code, even without chang-
ing it for the submissions. They argued that this was not plagiarism but collaboration.
These groups were penalized because the aim of the projects was to work in pairs, and
the task was designed for two-member teams, so each team must write they own code.
Allowed copy. Several teams let their colleagues to copy their code. They argued that
they were just helping a friend. Both the team who copied and the team who allowed
the copy were penalized.
Stolen code. There were teams that accessed others' code without permission. They did
it, for example, looking in the trash of a shared computer. When one of such cases
was proven, the producers of the original code were not penalized.
Unrecognised cases. There were few cases where the teams did not recognize the copy
and the code was not similar enough (human reviewed) to assume copy. In those cases,
there was no penalization.
In previous editions of the course, the plagiarism software was not used. Thus, the only
observed copies were among teams of the same group because they were graded by the same
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teacher. However, there was no mean to analyse copies from other groups. The analysis of
the experience's data reveals the inter-group copies as the major source of plagiarism cases.
Project 1 Project 2
Total teams 192 176
Teams involved in plagiarism cases 36 8
Penalized teams 29 4
Table 7.11: Copied submissions detected by the plagiarism software
There is an obvious decrease in the percentage of copies in the second project. It seems
that the students realized the situation, so they preferred not to risk their work. It could
also be argued that the students learned to better hide copied code, but it is unlikely if we
consider the number of teams that started the project without nishing it.
The same eect of plagiarism on automatic grading systems was also reported by Cheang
et al. [234]: rst, students believe they can cheat the system and, after the penalization, they
realize it is not worth the risk. It seems therefore essential not to delay the penalization, so
more students will decline to copy in later tasks.
Additional Observations
Although not a priority in the project, students were expected to learn how to develop
test cases: the rst task had the corresponding test as an associated resource, but in the
remaining tasks students were suppose to create such tests. In practice, students used the
delivery platform as the only test mechanism and, in general, they did not create their own
test cases.
The delivery platform performed quite reasonably during the course but, in very specic
moments, there were performance problems caused by submissions containing innite loops
or code with very poor eciency. The continuous work relaxed this problem: there was
almost no \deadline eect" because each team worked at their own pace. The commented
problems appeared especially at the end of the course, were the students' workload gets
bigger and they nd more dicult to submit in the expected dates.
7.3.5 Conclusions
This section presented an orchestration method to deploy and enact project-based learning
activities within large groups without a severe impact on teachers' workload. The methodol-
ogy is based on the use of IMS LD and GSI, which have been used in the design and delivery
of the activity ow: IMS LD orchestrated the activity ow and GSI provided communica-
tion with a tool specialized on software testing. The method was applied in a programming
course, but can be generalized to be used in any other discipline, with the requisite of having
a semi-automatic method to grade students' submissions.
The students have worked continuously in the projects: instead of waiting until the
deadline to submit the task (which is the common behaviour with no orchestration method),
with the proposed approach they developed code every week in the semester. The analysis
of the results shows a signicant decrease in the number of dropouts. Consequently, more
students than in previous editions passed the course. The automation of the task ow used
for the project-based learning activities was well-considered by students, and the majority of
them said they would like to use the same method in future courses. This system emphasizes
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the relevance of programming skills over the theoretical knowledge of the subject, helping
in the transition toward a competence-based learning method.
The impact of the method on teachers' workload was low and students were able to
advance in the activity ow without the tutor intervention. The continuous work has en-
couraged student participation in the course and teachers reported an increase in questions
in the laboratory sessions, as well as more frequent use of oce hours than in previous years.
With this participation, the teachers have obtained feedback from the students, so that they
have realized the actual workload imposed by the project. Future editions of the course have
to revise its size and schedule.
Apart from pedagogical achievements of the proposed method, this experience shows
how the combined use of IMS LD and GSI allows teachers for the scaolding of complex
methodologies, able to be used in large student groups. The method has shown a high level
of replicability, which means that the marginal cost of orchestrating a new group is low.
Furthermore, the design of the rst project was reused in the second one, demonstrating
the reusability of IMS LD courses. Experiences deployed prior to the denition of GSI
(see Chapter 6) showed that the lack of integration of the overall system was perceived by
course participants as a usability problem, at the time that imposed severe restrictions on
the reusability of the model. The major consequence of this lack of integration was that the
teachers refused to deploy revised versions of the course arguing that such workload was not
assumable. This experience shows how GSI highly increases the reusability and replicability
of the orchestration method, at the time that the participants' perception of integration is
no longer identied as a deciency in the model.
7.4 GSI to increase the scalability of complex experi-
ences
Available technology enables new learning scenarios where the learners play a more active
role and the content can be adapted to their needs. The use of mobile phones is a good
example of these innovative scenarios: interaction mediated by sort range communication
technologies or the use of augmented reality are still to explore in the eld of learning. These
scenarios where dierent activities are mixed with dierent spatial locations and collabo-
rative activities are called Computer Supported Collaborative Blended Learning (CSCBL)
scenarios. One of their characteristics is that they pose a challenge to practitioners due to
their high administrative requirements.
Such high workload is, in practice, a limitation for the execution of this type of scenarios.
It was one of the lessons learning from an experienced enacted in the Universitat Pompeu
Fabra, where the use of mobile phones in an outdoors activity was combined with in-class
collaborative work. The experience showed promising pedagogical results, but the teachers
were reluctant to participate in another edition of the learning ow because of the high
administrative workload.
The use of GSI to reduce the workload of learning ows was already explored in Sec-
tion 7.3. This experience has a relevant dierence with the CSCBL case: the workload of
the experience in Section 7.3 was related to teaching tasks (i.e. grade the students' submis-
sions), while the workload of the CSCBL case regards the administrative management of
the activities.
The challenge for GSI was therefore to determine if an orchestration method based on
IMS LD and GSI is able to alleviate the limitations of the CSCBL scenarios. With this
goal, the previous experience in the UPF was used as a case of study so it was analysed for
the consequent proposal of an automated orchestration method. The theoretical proposal
of such system is the matter of [182].
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This section is devoted to explain the experience and its results. First, the manually
orchestrated experience is presented, so that the reader can be familiar with the CSCBL
learning ow. Then, the proposed orchestration method is detailed. Finally, the evaluation
of the proposal consists in the enactment of the CSCBL ow within the proposed system.
7.4.1 A non-scalable learning ow
The Universitat Pompeu Fabra, in collaboration with the University Carlos III of Madrid,
deployed a learning experience in the rst day of the 2009/2010 academic year. The ex-
perience, called Meeting the campus together, was oriented toward freshmen students, who
were in their very rst day of their university years. One of the mandatory courses to these
students is Introduction to Information and Communication Technologies (IICT), in which
one of the aims is to give a global vision of the University and its resources.
In such context, the experience was oriented towards helping students in their rst con-
tact with the campus. The activity ow consisted of a mixture of individual and group tasks,
performed in dierent spatial locations, which allowed the participants to interact with the
campus resources and reect about them. The participation on the experience was optional
for the students. This subsection summarizes some elements of the experience. A complete
analysis of this experience is provided in [247].
Description of the activities
The major goal of the experience is to allow the students to get used with the campus
resources. The proposed sequence of activities was based on the Jigsaw collaborative pattern
and therefore the collaboration among peers play a relevant role in the performance of the
activities. This is because another objective of the experience was to help students meeting
each other. The learning ow can be divided in three main phases: explore the campus,
explain the campus and reect about the campus. The three phases, depicted in Figure 7.4,
are described as follows:
Figure 7.4: Learning ow enacted in the original experience.
In the rst phase, explore the campus, the students were provided with NFC capable
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mobile phones (Nokia 6131 and Nokia 6212) where NFCPlayer [248] had been installed.
Then, the students explored the 5 buildings in the campus searching for the 50 NFC tags
previously emplaced along the campus. When the students touched one of such tags with
their mobile, it reproduced multimedia content related with the location (i.e. the building)
where the student was. They had to complete the exploration in 30 minutes, so that they
had not enough time to visit all the buildings and they had to choose their preferred one.
Thus, they became experts of a particular building so they could be grouped in the following
phase. After their exploration, the students answered a questionnaire with questions aimed
at determining how much knowledge they had acquired from the activity.
During the exploration, the students the generated some data (log les in the mobile
phone and the answers to the questionnaire) that allowed the teaching sta to classify the
students according their level of expertise on the dierent buildings. Thus, they created
ve-member groups where all the peers were experts in the same building.
Working within the groups created by the teaching sta, the explain the campus phase
consisted in a collaborative activity where the each group had to create a template based
document and summarize the major aspects of their assigned building: location, resources,
characteristics, etc. The created document was then uploaded to the used virtual learn-
ing environment (Moodle, in this case). The teachers collected all these documents and
published them so that they could be accessed by all the students in the group.
The published documents supported the students in the third phase, reect about the
campus, where they had to answer a quiz with questions regarding the 5 buildings in the
campus. The students used their own experience to answer the questions related to the
building they had visited, and the documents created by their colleagues to nd the answer
of the rest of the questions. Some of the questions of the nal quiz used QTI integration
with Google Maps [249]. For these questions, students locate their answer in a Google Maps
map and the system validated its correctness.
Some elements of the learning ow deserve to be underlined due to their impact in the
organizational issues of the experience. The most relevant are:
NFC interaction. An innovative use of this technology was presented in the experience.
The experimental use of mobile phones in learning activities required an administrative
eort related to gathering and classifying the data from all the hardware devices.
Dierent spatial locations. The explore the campus activity was performed outdoors,
the explain the campus was developed at home and the nal assessment was done in
the classroom. The experience aimed at exploring the impact of such combination of
spatial locations in the students' learning.
Dynamic groups. The group activities were held in the second phase of the learning ow,
and the groups were formed depending on the data gathered from the rst activity.
The impact of such administrative requirement in the course performance was also a
matter of research in the experience.
Benets and Limitations found
The experience was successfully deployed and enacted. The combination of dierent tech-
nologies and spatial locations revealed some benets of the learning scheme. First, it was
very motivating for students. Despite being optional, the participation exceeded the teach-
ers' expectations and the students said that the innovative use of technology had encouraged
them to take part in the course.
However, the most valued activity by the students was not the mobile based exploration,
but the collaborative creation of a document. That is, the experience promoted the collab-
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oration among peers, which is one of the transversal skills that they should master during
their studies and their working life.
On the negative side, the administration of the experience was manually conducted by
the teaching sta and imposed a considerable workload that was said to be error prone and
time consuming. The analysis of students data, required to create the groups, took several
hours to be accomplished. As a result, the experience could not be enacted in a single day
and, for scheduling reasons, it lasted a total of two weeks. The experience was held in the
rst week of the academic year, when it is very common to nd that the students drop out or
change their studies. Thus, there was an unexpectedly high drop out rate in the experience,
which caused the groups to be recalculated and thus increasing the teachers' administrative
workload.
The teachers' workload increases with the number of participants. In practice, the learn-
ing ow was not applicable for a large number of students. Even with few students, the
teachers said that the administrative workload was too high so they could not focus their
eorts on tutoring, and they were reluctant to participate in future editions of the experience.
In summary, it can be said that the experience showed promising results but its lack of
scalability and replicability posed a dicult obstacle to overcome.
7.4.2 GSI based orchestration method
The limitations of the experience presented in Section 7.4.1 were considered in the design of
a solution based on the automatic orchestration of the described learning ow. The challenge
was to create a system that integrates the gathering and analysis of the students' data, so
that the workload of groups' formation is reduced. This section presents the solution that
was proposed with the use of IMS LD and GSI.
Functional requisites
Considering the limitations identied in the previous edition of the course, an orchestration
method for the learning ow should accomplish the following requisites:
Replicability. The workload imposed by the deployment and enactment of new course
replicas should be kept into reasonable margins, so that the benets of the learning
ow compensate the administrative workload.
Scalability. The method should be able to be applied to a large number of students. Typ-
ically, to all freshmen students in a given degree.
Adaptability. Activities should be delivered to the students depending on the group they
belong to. Thus, the orchestration method should have adaptive capabilities.
Flexibility. The method should provide guidance to practitioners and students so that
they can follow the learning ow without diculty. However, this guidance should be
exible enough to manage unexpected situations that usually happen in the course
enactment.
Technological aspects of proposed orchestration method
The solution proposed to overcome the limitations of the rst edition of the meeting the
campus together experience is a script based orchestration method that automates the time
consuming administrative tasks of the workow. The proposed solution uses the following
technology:
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IMS LD is used to manage the activity ow. Thus, the course participants have to
login in the used player so they can access to their corresponding activity description. The
adaptive capabilities oered by IMS LD allow to dynamically create and dissolve groups,
and to present the information to the course participants depending on the group they
belong to. Also, properties provide a mean to manage the data ow while the features of
GRAIL, the used IMS LD player, provide a exible framework that allows the management
of unexpected situations.
IMS LD has been criticized because of the diculty of managing conditions. Dynamic
groups' formation requires the creation of rules that are, in some cases, very dicult to
express with IMS LD conditions and, in some other cases, simply not possible. For example,
it is quite complicated to assign a group number to a student considering his/her available
data, but it is not possible to create a condition that considers peers' information in the
group assignment process.
One solution is to delegate group formation to a more capable tool. Thus, the proposed
system relies on a spreadsheet for the grouping task. The used tool was Google Spreadsheet.
Thus, the teacher uses a spreadsheet stored in his/her Google user space and lled with the
data gathered from all the course participants.
The groups calculated in the spreadsheet are used by the IMS LD player to adapt the
content delivered to the students. The exchange of information between these two systems is
mediated by GSI, whose GSpread service adapter mediates the communication as described
in Chapter 5.4.1.
The proposed Unit of Learning
The rst step to reach the orchestration is to the translation the learning ow into the IMS
LD vocabulary. Such formalization involves two main aspects: rst, the denition of the
activity ow in terms of the IMS LD vocabulary; second, the use of GSI tools to establish
how and when the information is exchanged between the IMS LD server and the spreadsheet.
The IMS LD ow is composed by three acts, which correspond to the three phases that
the course consists of. Three roles (two students and one teacher) are used to model the
dierent course participants, where the only dierence among the two student roles is the
order in which they follow the activities of the rst phase: students of type A starts with
the Web exploration; mobile exploration is the rst activity of students with type B. Each
student decides when to nish the rst activity and continue with the second one. That
is, the completion condition is user-choice. The rst act is completed when the teacher
completes his/her role-part.
In the second act, explain the campus, each student access one of the ve available activity
descriptions. Which activity is accessed is determined by the corresponding conditions
imposed to the so called group number property. That is, the value of such property guides
the student to one or another activity. The name of all group members is stored in another
property, which is shown to the students in order to inform who their teammates are. At
the end of the second act's activity, each group uses the output document they produced as
the value of the corresponding role-scoped property. Thus, all submissions are stored with
a regular structure and can be easily reused in the last act. The second act nishes when
the teacher completes his/her role-part.
In the third act, the students access QTIMaps so that they complete the nal assessment.
To help them in their reection process, they can access to other groups' documents, which
is modelled as an imsldcontent document that simply show the properties whose content
were populated by the groups' output in the previous phase.
Teacher's tasks modelling is much simpler than in the case of the students: each act
contains a single activity with the description of what the students are doing and what the
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Figure 7.5: Diagram of the activity sequence expressed in IMS LD.
teacher can do to support them. The completion condition for all teachers' activities is
user-choice and their completion causes the wrapping act to be set as nished. Figure 7.5
depicts the IMS LD formalization of the activity sequence.
The information exchange between the spreadsheet and the IMS LD player is triggered
by the teacher's activity: when the groups have been created in the spreadsheet, the teacher
sets his/her rst act's activity (and therefore the act itself) as nished. This event causes the
data request so that the information in the spreadsheet is used to ll students' group number.
Once all students have been assigned to a group, then the system delivers the second act's
activity.
Figure 7.6: Data ow in the proposed system.
The information generated during the activities is evaluated by the orchestration system
in order to create the groups and deliver the proper activity descriptions. It is required a
method to fed the spreadsheet with the students' data. It includes the results of the NFC
Player logs processing and the answers to the questionnaire. According to the functionality
of GSpread described in Chapter 5.4.1, the answers to the questionnaire are automatically
stored in the spreadsheet (one student per row) and it is known what answer corresponds
to what student. To store the mobile phone logs in the spreadsheet, the following steps are
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given:
1. When they nish the campus exploration, the students use a form to upload the
generated log le. The log is stored as a IMS LD property so that all logs are regularly
structured.
2. When the students have nished uploading their logs, the teacher downloads all of
them to his/her own computer.
3. The regular structure of the logs allows programmatically process them. A script
developed for the case is applied to the log les. The output is a csv le relates the
students with the building that, according to the touched tags, they have visited.
4. The csv le is uploaded to the spreadsheet.
After that, all the data is in the spreadsheet and the teacher can create the formulae to
create the groups with the case based restrictions. The data ow is depicted in Figure 7.6.
Dierences with the previous course edition
However, this orchestration method imposes additional needs that did not appear in the
original ow. The consequence is that the IMS LD orchestrated experience presents some
dierences in respect to the original learning ow. These dierences are summarized in
Table 7.12.
2009 2010
Duration The learning ow lasted several
days
Two-hours learning ow
Physical
space
Some of the activities were not
performed in the classroom
Face-to-face activities
Mobile ex-
ploration
The students formed groups to
explore the campus
Individual exploration of the
campus
Course
structure
All the students in the same
course instance
Sessions of 25 students
Table 7.12: Dierences between the IMS LD orchestrated ow and its original version.
The main restriction imposed by IMS LD is the need of computers to deliver the activity
descriptions. In practice, it means that the students must go to the laboratory to perform
the activities instead of being in any other place such as the library, or home. This fact
limits the number of students that can participate in the experience. On the positive side,
the orchestration method allows the experience to be quickly enacted, so several course
instances can be held in the same day. In practice, the analysis of the experience showed
that it is realistic to provide support for 100 students in a single day.
Another dierence that was not caused by the technological support, but also impacted
the course enactment is the optional character of the course: in the previous edition, the
participation in the Meeting the campus experience was optional and rewarded with some
points in the nal grade. For administrative reasons, it was not possible in the IMS LD
orchestrated edition, so the students gained no benet (except the acquired learning and
the colleagues they met) from their participation.
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7.4.3 Details of the enacted experience
The IMS LD based orchestration method described in this section was enacted in the second
day of the academic year 2010/2011. This experience, enacted with GRAIL, was aimed to
evaluate the feasibility of the proposed orchestration method. The following details apply
to the evaluation experience:
The participation in the experience was optional and was not rewarded with extra points
in the nal grade. Considering the number of participants of the previous edition, 80 or 100
participants were expected to register in the course. The performed deployment provided
support for 100 students. The course ow was designed for 25 students (5 groups of 5
students each). Thus, the learning ow was replicated four times in the same day. The
actual number of participants is presented in Table 7.13. It can be seen that the actual
number was under the researchers' expectations. The most likely reason is the bad weather
conditions: it is reasonable to think that students did not want to walk through the campus
while it was raining.
Instance
Number
Timetable Number of
participants
1 10:00 - 12:00 9
2 12:00 - 14:00 16
3 14:00 - 16:00 3
4 18:00 - 20:00 3
Table 7.13: Participants in each course instance.
Each replica of the learning ow was tutored by a dierent teacher. They were members
of the IICT teaching sta and had no previous knowledge of GRAIL, IMS LD or GSI.
The teachers tutored the learning activities and were supported by the researchers in the
development of the administrative tasks.
All the activities, except the campus exploration, were performed in a laboratory
equipped with 26 computers connected to the Internet. Only the teacher's computer had a
Bluetooth interface. Because of such limitation, the teacher uploaded all the log les and
used the cockpit (see Chapter 4.3.3) to act on behalf of the students when doing the upload.
7.4.4 Evaluation methodology
The enactment of the orchestrated learning ow generated relevant data that allowed
analysing the experience from dierent perspectives. Each source of information contains
data related to a dierent aspect. The combined analysis of all the data sources leads to
the obtained results.
The observations taken from the experience were one of the elements to consider in the
analysis. During the experience, one external observer (a volunteer dierent from the tutors
and the researchers) annotated those things he considered relevant. Such information was
used by the researchers to get a non biased view of the general aspects in the enactment.
The interview with one of the teachers reects her view of the experience. For administra-
tive reasons, only one of the teachers that participated in the course was interviewed. Having
this limitation in mind, the researchers selected the teacher with the less engineering-focused
background. The interview was recorded for its later transcription and analysis. The opinion
of the rest of the teachers was captured in a questionnaire they lled after the experience.
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The students' perception was captured by a questionnaire they lled after nishing the
experience. The questionnaire was anonymous and combined open questions with 1 to 5
Likert scaled questions. After the experience, 31 answered questionnaires were available for
their analysis.
The above described data were evaluated following the mixed evaluation method de-
scribed in [11] that combines qualitative and quantitative analysis. This is a case study
based method of analysis. That is, the goal is to study how the dierent factors aected the
experience without the aim of generalizing the results. It does not mean that the conclusions
cannot be generalized, but such generalization lies on the subjectivity of the researchers. The
method proposes to apply triangulation to reinforce the ndings of the experience. For ex-
ample, the conclusions extracted from the interview are compared with the questionnaires so
that they can be reinforced or invalidated. Thus, the use of dierent sources of information
reduces the inherent subjectivity of the ndings.
The answers to numeric questions are represented by their average and standard devi-
ation. The validity of these parameters is given by the performed statistical analysis: the
t-test was used to determine the 95% interval of condence for the mean. This type of tests
oer more conservative results, but with more condence on their generalization to a larger
population. In the cases where the results of two students' subgroups were compared, the
t-test was used to determine the statistical signicance of the comparative.
A case of study is a complex entity and its analysis might be biased by the dierent
factors that aect the activities and the participants. The analysis of the data includes the
identication of these factors, which are presented at the end of the results section. On the
researchers' opinion, the inuence of these factors has not biased the obtained results but
they are presented here to let the reader to make his/her conclusions.
The analysis of the data is try to determine if the orchestration method overcame the lim-
itations identied in the previous experience, explained in Section 7.4.1, and if the requisites
imposed in Section 7.4.2. The specic research questions are:
RQ1) Does the orchestration method solve the limitations detected for the CSCBL script (
i.e. adaptability, exibility, integration and scalability)?
RQ2) Does the CSCBL script support teachers' tasks?
RQ3) Does the CSCBL script support students' tasks?
RQ4) Which limitations were detected regarding the orchestration process and its techno-
logical support?
7.4.5 Results
The rst of the presented research questions regards to what extent was the proposal a
solution for the limitations of the previous experience. The analysis is therefore focused on
the scalability, adaptability, exibility and integration.
For the analysis of the scalability, it has to be considered the limitation imposed by the
collaborative pattern. That is, the work in groups encouraged by the learning ow best
suits for groups of a certain size, and loss its pedagogical meaning for larger groups. As a
consequence, the collaborative pattern imposes a limit of 5 members per group, while the
number of buildings to study sets the number of groups to 5. Thus, the number of supported
participants is 25. To support the participations of more students, more course replicas can
be instantiated. Scalability is then related to the replicability of the process. In other words,
the scalability of the orchestration method is related to the cost of the replication process.
In the experience, four course replicas were held and the instantiation process was performed
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during the break between replicas. All the courses started in time, what means that the
replication process was not an obstacle for the crowded schedule presented in Table 7.13.
The absence of observations or comments shows that neither the teachers nor the students
perceived any connexion between course replicas. The interviewed teacher said that: \The
course I taught had no relationship with other courses, or at least this is what I perceived".
The demonstrated replicability of the orchestration method justies the scalability of the
process.
Question Legend Mean Std.
Condence
interval
for the
mean
01 Does the time between ac-
tivities breaks the overall
pace of the ow?
1 = no, it does not
break the pace
2 = yes, it breaks the
pace
2:05 1:07 [1; 2:45]
06 Considering the per-
formed task, asses how
appropriate your team-
mates were
1 = Very inappropriate
5 = Very appropriate
4:19 0:75 [3:82; 5]
10.a Asses the how dicult was
to identify the activity you
had to do
1 = Very easy
5 = Very dicult
2:35 1:28 [1; 2:74]
10.b Asses the how dicult was
to go to the next activity
once you have nished
1 = Very easy
5 = Very dicult
2:32 1:4 [1; 2:67]
10.c Asses the how dicult was
to understand what to do
1 = Very easy
5 = Very dicult
2:29 1:29 [1; 2:68]
12 Asses the perceived in-
tegration of the dierent
technologies and activities
1 = bad integration
5 = good integration
3:84 0:68 [3:63; 5]
Table 7.14: Summary table of the numeric answers given to the questionnaires
The group formation process takes place in the course enactment and its analysis lies
on the side of the adaptability. Two factors need to be considered at this point: rst, the
diculty of storing all the information to the group management tool (the spreadsheet) and,
second, the correctness of the decisions taken in such tool.
The teachers, who were supported by the researchers in the group formation process,
recognized that they would have not been able to manage the groups without previous
training, but they also stated that the process was easy to understand and a training session
would have been enough for them to learn the how to. For example, one teacher said that
\I guess that if I have had a training course before the actual session, I would have been able
to complete the tasks without problem". The use of a spreadsheet, a tool that the teachers
already knew, was useful to hide the complexity of the adaptation scheme and increased the
usability of the model. One of the concerns of the researchers was to determine if the time
required by the group formation process was excessive for such a classroom activity. Both
the teachers and students agreed on saying that the required time did not break the pace
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of the activity ow. The former said that \even a longer time can be tolerated if you have
a pre-programmed activity to ll this gap", while the latter's opinion is reected in question
01 from Table 7.14.
To measure the correctness of the created groups, the results to question 06 presented
in Table 7.14 show that the students thought that the group members were appropriately
selected. From their comments in open questions it can be said that they did not realized
the actual grouping criteria, but if they should realize it or not is out of the scope of the
orchestration method and lies on the pedagogical foundations of the learning ow.
Question
Allowed
options
Answers
11
Have you need the help of the
teacher at any moment
Yes
No
N/A
48:39%
51:61%
-
15.a Which activity did you prefer?
Mobiles
Web
Groups
54:58%
42:42%
3%
17
Would you recommend this
course to your friends?
Yes
No
N/A
93:56%
3:22%
3:22%
18 Would you repeat the course?
Yes
No
N/A
51:61%
48:39%
-
Table 7.15: Summary table of the numeric answers given to the questionnaires
Flexibility is a well-known limitation of IMS LD. The provided orchestration method
adds two elements intended to increase the level of exibility oered by the method: the
cockpit and the use of spreadsheets to manage groups. Table 7.16 compiles the unexpected
situations that arose during the experience and how they were solved. It can be seen that the
most common problem regarded the collaborative nature of the activity ow. The absence
of teammates and even entire groups were handled by the cockpit, which was used to act
on behalf of missing students. The spreadsheet was useful to manually assign the groups
in those cases where the actual situation did not t the ideal case. Despite the unexpected
events and according to students' opinion expressed in question 17 and 18 (Table 7.15), the
course was successfully enacted and it can be concluded that the exibility oered by the
orchestration method covered the needs of the learning ow.
The experiences taken in prior to the denition of GSI (Chapter 6) revealed that the
lack of integration among tools was an obstacle for the successful course enactment. The
answers to question 12 (Table 7.14 show that an integrated system was perceived by the
students. The teachers suggested that it would have been better if the results of the last
questionnaire (QTIMaps based) were stored in the spreadsheet with the rest of the data.
That is, without knowing what GSI is and what functionality it provides, they demanded
integration in those cases where it has not been provided by the orchestration method. This
reveals that GSI oered integration in a transparent way so that the participants did not
perceive it, but they missed it when it was not there.
The analysis of the questionnaires shows that the students did not have remarkable
problems of following the activity ow. In other words, the orchestration method was able
to support students' tasks. Answers from 10.a to 11 reveal that the participants found the
system easy to use. Table 7.17 show the comparative on the perceived diculty of the
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issue solution tool
only on computer had
Bluetooth interface
the teacher uploaded all logs and updated
students properties
cockpit
two students returned the
mobile phone after the
deadline
they were manually assigned to a group,
and their log's data were ignored
spreadsheet
one student dropped the
course
the user was ignored in the forthcoming ac-
tivities
no action
needed
only 3 students were in the
course
the group formation was manually per-
formed, with the 3 students in the same
group
spreadsheet
only one experts' group in
the collaborative phase
documents from previous course replicas
was used as faked groups in the reection
phase
cockpit
Table 7.16: Summary of unexpected situations and applied solutions.
system among the students who needed teacher's help and those who did not. Despite the
former perceive a less usable system, the average of the answers reveals that their perception
is positive.
The teachers said that it was easy to determine what to do at each activity. However,
they had preferred to prepare these activities in advance (e.g. the day before) and, as
stated previously, they demanded a training session to master the system. Usability is more
relevant for teachers because, as a teacher said, \it would have been embarrassing if I had got
stuck in one activity without knowing what to do, with my students looking at me". Apart
from these considerations, they found that the system covered their requisites and found it
appropriate for the orchestration. It can be said, as the answer to RQ2 and RQ3, that the
system was able to support participants' tasks.
Asked
the
teacher
Did not
ask the
teacher
p-value
(unpaired samples,
one-sided Wilcoxon
test)
10.a 2:87 1:87 0:01258
10.b 2:67 2 0:03662
10.c 2:8 1:81 0:01684
Table 7.17: Comparative among students who asked the teacher and those who did not.
Regarding RQ4, the main limitation found is the abovementioned lack of training of
the teaching sta. In this proof of concept, the researchers supported them during the
enactment, but training sessions would be required for future course replicas. The lack of
integration in the last questionnaire was another aw detected by the teachers. This fact
was known by the researchers, and the teachers' opinion emphasized it. As argued above,
such perception of the lack of integration can be considered a aw of the experience, but a
positive fact for the evaluation of GSI, because the demanded functionality is precisely what
GSI provides.
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Finally, the students proposed some (in their opinion) improvements to the experience,
especially for the Explore the campus phase. For example, one student said that augmented
reality would have been more engaging than NFC interaction. Some students suggested
combining the exploration with collaborative activities. One student suggested performing
the exploration in groups, while another student said that he would have liked a kind of a
gymkhana to do the exploration.
Factors that may have biased the data
After the experience, the researchers tried to identify what factors have aected the experi-
ence, and if they have biased the results.
The bad weather conditions during the experience were an obstacle for the execution
of the exploration with mobiles. This fact discouraged the students and, as a result, the
number of participants was lower that what the researchers expected. It could be said that
such a low number cannot be used to justify the scalability of the orchestration method.
However, the scalability is provided by the high replicability the learning ow. That is, since
the creation of a new course replica is almost costless, it is easy to provide support to more
students.
Related to the same fact, another factor was the few number of students that took part
in the third and fourth replicas. Being only three students, it is possible that they had a
dierent view of the experience. The analysis of the results shows no statistical dierence
among the answers of those students and the participants of the rest of the course replicas.
The only dierence found is that the percentage of students who would like to repeat the
course was higher in the two last course replicas.
Finally, there was a problem regarding the questionnaires: in the Likert-scaled questions,
the positive opinion was associated to the higher values. However, in questions 10.a, 10.b,
10.c and 22, the lower numbers expressed a positive opinion. It is the researchers' opinion
that this fact confused the students so, in the referred questions, that they could have marked
a high number to express a positive opinion. Actually, these are the questions whose answers
have a higher standard deviation, which reinforces the researchers' thoughts. In any case,
the opinions collected in the problematic questions are considered positive.
7.4.6 Conclusions
The experience presented in this section is an evaluation of IMS LD and GSI when they
are applied to complex collaborative activities that involve dierent technologies, activities
and spatial locations. The method showed a high replicability, which justies the scalability
of the model. That is, the method allow to orchestrate learning ows that otherwise could
have not been deployed because of their requirements in terms of administrative workload.
The adaptability and exibility of the model allowed dynamic adjustments in the ow and
the ability to manage unexpected situations.
The main lesson learned from the design and enactment of the learning ow is that better
results are achieved if the tasks are performed in the tools that were designed for them. That
is, in previous experiences, the groups were formed with an imsldcontent created for the case
and the course showed a poor usability. In the Meeting the campus experience, the group
management was done in a specialized tool such as Google Spreadsheets, resulting in a more
usable and realistic approach.
Generic Service Integration was used to automate the exchange information among the
dierent tools used in the course and to programmatically instantiate the required tools. The
integration oered by GSI has allowed the use of third-party tools, increasing the reusability
of the model due to the sensitive reduction of the administrative tasks. The analysis of the
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experience shows how the combined use of IMS LD and GSI has solved the limitations found
in the previous experience.
7.5 Conclusions
Three experiences oriented towards the analysis of the feasibility of GSI in real learning
scenarios are presented in this chapter. The implications of the proposed model have been
studied: the rst of the experiences focused on understanding the practical issues of the
model, the second one was oriented towards the support of large-scaled traditional learning
models and the last experience analysed the appropriateness of the proposed system in
innovative scenarios.
The enactment of the experiences provided signicant data to discuss, from the practical
point of view, the requisites of the model stated in 5.2.1 and theoretically analysed in 5.5.
They are Pedagogical neutrality, Reusability, Self-containment, Adaptability and Collabora-
tive capabilities.
Pedagogical neutrality. Dierent learning methods were applied in each of the presented
experiences. That is, dierent pedagogical models have demonstrated their applica-
bility in GSI courses. Furthermore, the GSpread service adapter has been used for
dierent purposes in the rst and the last experiences, showing the versatility of the
integrated tools.
Reusability. The creation of an infrastructure to share and reuse learning courses was out
of the scope of this dissertation, so the reusability of UoLs has not been studied in such
context. However, the second experience revealed the feasibility of reusing IMS LD
templates to speed up the creation process. The use of GSpread for dierent purposes
also showed the reusability of service adapters with dierent pedagogical approaches.
Self-containment. This characteristic is related with the replicability of courses, which
has been shown to be one of the strengths of the GSI model. Apart from justifying
self-containment, the demonstrated replicability asserts the scalability of courses in
large-scaled scenarios.
Adaptability. The adaptive capabilities oered by IMS LD are upgraded by GSI with the
support of external sources of information. This assertion was empirically demon-
strated with the presented experiences. For example, in programming systems the
students' schedule depended on the result of the tests performed in the third party
tool.
Collaborative capabilities In the programming course experience, the students were
working in pairs. A more sophisticated approach drove the Meeting the campus sce-
nario, where the students worked in dynamically-created groups. In both cases, the
collaborative nature of the pedagogical model was enacted with the support of the
GSI technology.
Chapter 8
Conclusions
Doubt comes in at the window
when inquiry is denied at the
door.
Benjamin Jowett
This dissertation presented a research work that explores the limits of the IMS LD
specication and proposes empirically validated solutions for the encountered limitations.
This chapter concludes the document with a summary of the most relevant contributions
of the presented work. Also, the text presents interesting research questions regarding the
proposed model that have not been addressed in this dissertation but could be adopted as
guidelines for future research.
8.1 Contributions
Practical experiences with IMS LD
The rst phase of the adopted research methodology was the information gathering. The
analysis of the state of the art revealed a relative high number of theoretical studies of
the IMS LD expressiveness. However, the literature regarding practical experiences with
the specication did not allow the complete characterization of the course life-cycle. This
dissertation characterized the course life-cycle with the deployment of eld experiences,
which also assessed the expressiveness of IMS LD in real courses.
The rst of these experiences focused on the analysis of IMS LD expressiveness with
real-world examples. Most of the existing courses found in the literature were synthetic
learning ows created as the proof of concept of one of the IMS LD capabilities. The
experience considered an already existing course, being taught in an engineering course,
and translated it to the IMS LD terminology. Then, the deployment and enactment of the
resulting UoL was simulated so that the characteristics of the enactment process could be
theoretically identied. A lesson learned from the experience was the complete knowledge
of the specication that is required for the course authoring. Also, the experience revealed
that the expressiveness of IMS LD goes beyond the theatrical metaphor [82].
The second experience included the enactment phase of the UoL. In such experience,
students from three geographically distributed higher education institutions participated in a
course where the collaboration among participants played a relevant role in the learning ow.
Students' interactions were modelled and delivered using IMS LD. The goal of the study
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was to identify the feasibility of the model to support collaborative activities in distance
scenarios. The results showed that Web based tools are required to support collaborative
activities, but the lack of support of such tools in the IMS LD framework reduced the
replicability of the created course. The experience was held in two editions: the rst one,
enacted by volunteer PhD. students, used roles to model the groups that participated in
colaborative activities. The main problem encountered during the experience was the need
to manually administer the third-party tools, which resulted in a high and error prone
administrative workload [207]. The second experience was enacted with real students. It
revealed the diculty of course replication when the activity sequence incorporates the use
of third-party tools [115, 208]. Besides, the experience presented the ow of artifacts in
complex collaborative situations as one of the limitations of IMS LD [116].
Finally, the third experience consisted in the design and implementation of mashups
support in a IMS LD player. In such work, IMS LD was used for the high level orchestra-
tion of learning activities, while a more specic tool provided orchestration at the level of
ne-grained tasks. The proof of concept implementation showed how IMS LD is oriented
towards the orchestration of learning activities, while has problems if it is used to model
the specic details of a single activity. The use of case-specic tools for the modelling and
enactment of the particular details of an activity improved the expressiveness of the IMS
LD framework [215].
Improvements of IMS LD support in .LRN
The expertise gained from the implementation of GRAIL [10] and the deployment of eld
experiences with IMS LD allowed to identify limitations of the model, whose solution was
proposed and implemented in the context of this dissertation.
Chapter 4 presented the technical description of GRAIL, the IMS LD player that was
used in all the experiences presented in this dissertation. This chapter also presented the
functionality included in the administrator's interface of GRAIL aimed at increasing the
exibility of the enactment phase. Enactment exibility in IMS LD courses is dened as
the capability to react to unexpected situations without losing the intrinsic constraints
of the learning script. The provided solution enables the modication of the course and
distinguishes among two dierent situations [180]:
 Learning ow modication. The administrators' interface supports the modication
of activities' completion conditions and the inclusion/removal of learning activities in
the activity sequence. The inclusion and edition of environments' resources in also
supported.
 Content modication. The use of wiki technology to manage HTML les in the IMS
LD player allows for the content modication right from the user's interface. A per-
missions system managed by the course administrator dictates who is able to perform
such modications. Such functionality enables new scenarios such as the collaborative
authoring of UoLs.
The improvements in GRAIL were documented and constrasted in several international
forums [146, 250, 118, 181]. The participation in dissemination events and/or research work-
shops enriched the author's knowledge and perspective of the specication, and inuenced
the decisions taken during the design of the GSI framework [216, 84, 189].
Denition of the Generic Service Integration Framework
The denition and implementation of the proposal were, respectively, the second and third
phases of the adopted methodology. The denition of Generic Service Integration covers
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the complete course life-cycle:
1. The IMS LD vocabulary is augmented with elements aimed at the inclusion of third-
party tools in the learning ow. The provided vocabulary denes what type of tool is
going to be needed, who (which role) will use it and how it will be used.
2. In the deployment phase, the abstract service denition included in the manifest is
used to select the third-party tool that best matches the author requirements. The
list of the available tools is composed by those tools whose support is provided by the
corresponding service adapter installed in the platform.
3. In GSI, the tool is not an activity, it is the support required to perform the activities.
A link to the third-party tool is placed in the corresponding environment so that the
users can access the tool during the course enactment. Besides, the IMS LD events
may cause the player to request information from the third-party tool and use this
information to adapt the course ow, or whatever use given to the course properties.
The integration of a specic tool is provided by the development of a service adapter
that mediates the communication between GSI and the external tool [190]. The proposed
architecture promotes the quick development of new service adapters.
There exist some proposals in the state of the art aimed at the integration of services
in IMS LD courses (Gridcole, CopperCore Service Integration Layer, Wookie or IMS Tools
Interoperability). Generic Service Integration was dened as a response to the need of a
framework that oer the following characteristics:
 Is not restricted to tools that use a particular comunication protocol. GSI service
adapters allow the inclusion of third-party tools that use proprietary or open APIs.
 Provides UoLs with self-containment, interoperability and replicability. That is, a
course that uses third-party tools can be enacted in dierent platforms without signif-
icant changes in the learning ow.
 Enables, during the enactment, the bidirectional exchange of information between the
IMS LD workow engine and the third-party tool.
 Considers the implications of service integration in the complete course life-cycle: au-
thoring, deployment and enactment.
Analysis of identity and authentication issues
A detailed analysis revealed that the authentication needs hinder the practical deployment
of third-party tools integration. The problem can be summarised as follows: if the IMS LD
player is going to retrieve information stored in a third-party tool that belongs to the user, it
is required for such user to explicitly grant access to the IMS LD player in the external tool.
Such administrative task should not interrupt the course enactment, so that it should be
performed during deployment. However, the users may not be available at the deployment
phase so they would not be able to complete the task.
The GSI model proposes the inclusion of a new phase in the course life-cycle, called the
pre-enactment and included in the course by means of the act zero [193]. The act zero is an
activity automatically included in the sequence, and whose completion is required in order
to start performing the actual learning activities. The content of the act zero, as well as
the roles who have play it, depends on the tool selected during the deployment phase. More
precisely, it is the service adapter who includes such act and these activities. Typically,
the act zero will inform the user of the use of external services and will oer a method to
manually grant access to the external service.
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The implementation of the framework
Chapter 5 provided technological details of the GSI support developed for the GRAIL player.
GSI complements the already existing player so that it allows the enactment of of GSI-
shaped UoLs without interfeering the deployment and enactment of the rest of the UoLs.
The extension, as well as the whole player, was published under open source license.
Two service adapters were developed and installed in the player. That is, the player
provides support for the integration of two dierent services. First, the GSpread adapter
integrates Google Spreadsheets functionality: the answers of a questionnaire posed to the
students are stored in a spreadsheet, which is accessed via Web and hosted by Google. After
its manipulation in the spreadsheet, IMS LD retrieves the data and sets the value of the
corresponding properties [191]. The second developed adapter integrates software testing
capabilities in IMS LD courses: after developing a piece of code proposed by the teacher, the
students upload it to a server that tests its functionality and returns true or false, depending
on the result of the test. Such return value can be captured by the IMS LD player so that
the course ow can react to the students' results.
Experimental work with GSI
The last phase of the research methodology consisted in the experimental validation of the
proposed solution. In this dissertation, the validation was performed by means of three
cases of study aimed at determining to what extent the proposed framework satises the
requirements stated in Section 5.2.1 and theoretically discussed in Section 5.5.
The rst experience focused on two aspects: rst, it analysed the feasibility of the pro-
posed framework; second, oered a perspective of the instructors understanding of the model.
A workshop with volunteers was conducted so that the participants were trained in the use
of IMS LD and GSI with the GSpread service adapter. The deployment process revealed
a high replicability of GSI-shaped courses [202]. This replicability was an important factor
for the success of the subsequent experiences. One lesson learned is that the instructors
found no special diculty on the understanding of the GSI framework. Also, the analysis
of the results conrmed that the use of a specialised third-party tool (i.e. a spreadsheet) to
manage the data increases the usability of the framework.
The second experience, deployed in a large scaled scenario, was devoted to the analysis
of the performance of the framework and its expressiveness when applied to traditional
learning methods. A learning ow based on the Project Based Learning methodology was
followed by the students of a programming course held in the second term of the University
Carlos III of Madrid. The delivery-platform service adapter was used so that the students
were able to access to the next activity in a project only when they passed the test of the
activity under development. A total of 425 students and 8 teachers participated in the
course. The analysis of the case of study showed that the orchestration method promoted
the students' continuous work without increasing the workload of the teaching sta. That
is, the combined use of IMS LD and GSI was suitable for the management of large-scaled
scenarios [183]. According to the the questionnaire answered by the students, two out of
three of them would like to use the same system in the future.
Finally, the deployment of the Meeting the campus case of study analysed if the orches-
tration method consisting on the use of IMS LD and GSI is able to reduce the administrative
workload inherent to complex sequences of activities. This experience was constructed upon
a previous existing case of study that mixed the use of mobile phones, collaborative learning
activities, dierent spatial locations, and informal activities. The combined use of such in-
gredients oered encouraging results in terms of students' motivation and learning benets,
but imposed a too high administrative workload that hindered the replication of the course.
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The semi-automation of the administrative task was conducted by the use of the GSpread
service adapter, so that the management of students data was performed in a spreadsheet
while the IMS LD script automated the group management and the ow of artifacts [182].
An analysis of the data oered by the case of study showed that the automatically or-
chestrated version of the course was pedagogically equivalent to the previous one, with the
advantage that imposed less administrative workload. The course ow was enacted four
times with dierent actors, demonstrating the replicability of GSI-shaped courses and the
scalability of the framework proposed in this dissertation.
8.2 Future research directions
The work presented in this dissertation explores the use of third-party services in the context
of IMS LD scripted courses. The dissertation studies the problem from a holistic point of
view, trying to identify the needs of the model in the course life-cycle. This work has
identied open ended research problems that are presented as follows:
 To use patterns to help practitioners in the authoring process. GSI denes a vocabulary
that enables the inclusion of third-party tools in the description of the learning ow
given in the manifest le. However, the only available authoring method is the inclusion
of the XML elements with a text editor. It is unrealistic to think that this method
could be adopted by practitioners and the experience with IMS LD show the relevance
of a user friendly authoring tool. Such tool should provide an answer for the following
questions: which is the more adequate tool description that can be included in a
course? how do course authors reach the more adequate description?
Authoring collaborative activities with Collaborative Learning Flow Patterns (CLFPs)
revealed the usefulness of patterns at course authoring. The same idea could be con-
sidered for the denition of third-party tools. This functionality would prevent course
authors to include incomplete descriptions of the required services and would also
advertise the existing services to the public.
 Automatic selection of services at deployment. According to GSI, the generic descrip-
tion of the third-party tool that is included in the manifest le is used during the
deployment to choose the best matching available tool. In the experiences presented
in this dissertation, the tool selection has been manually done, being the course admin-
istrator the responsible of the task. This method suited for the presented experiences,
because the course administrator was a member of the research team, so that he was
an expert in the eld.
However, course administrators do not always have the required pedagogical skills to
complete the task. For example, they might be mere technical administrators of the
platform with no pedagogical background and they might not be the most adequate
actor to select the third-party tool. The vocabulary oered by GSI includes a human
readable description of the expected tool. Thus, semantic techniques could be used in
order to nd the most adequate service and properly congure the course.
 A distribution method for available adapters. According to the proposed architecture,
GSI is a pluggable framework where the support of a specic tool is provided by the
installation of the proper service adapter. This dissertation discusses the feasibility of
the idea and provides an implementation for the GRAIL player. In order not to limit
the list of available services to the already installed service adapters, an easy-to-nd-
and-install approach is worth to be explored.
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The idea has similarities with software repositories such as Android Market or iTunes
for mobile phones, where the end user is provided with an easy interface to nd new
applications and install them. Further research on this idea should consider inter-
operability issues and how the distribution methods can be related with automatic
selection of services.
 Support during enactment for exibility of bidirectional information exchange. GSI
enables IMS LD to request information from the third-party service. According to the
proposed model, the structure of the gathered information is oered to the GSI layer
as a set of arrays. The type of information stored at each array's position is explained
in the service adapter's documentation, as explained in Chapter 5.2.2. When a course
author needs to refer to the third-party tool's information, he/she states the position
where, according to the documentation, the desired information is stored.
This method lacks of exibility and reusability of tool denitions. It would be de-
sirable to provide players with a method to edit the array's position from where the
information will be gathered. In summary, the research would face the following ques-
tion: how to provide a exible and reusable method that allows generic denitions to
retrieve specic information stored in third-party platforms?
 Extrapolation of third-party tool integration to dierent contexts. The framework
proposed in this dissertation was conceived for its use in IMS LD scripted courses.
The course life-cycle imposed by the specication has conditioned the shape and ar-
chitecture of the proposal. The use of IMS LD was intended to provide automatic
orchestration methods for the activities supported by third-party tools.
The relevance of tools' integration goes beyond the IMS LD specication and it is
therefore worth to explore the application of the model in dierent context. One ex-
ample is the use of dierent scripting languages for learning courses. Another approach
is analysing the impact of tools' integration in the existing Learning Management Sys-
tems, where the course life-cycle is radically dierent to the IMS LD one.
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Appendix A
GSI API methods
It follows a list of the methods that must be provided by a GSI service adapter. The
GSI layer will call these methods when the IMS LD engine needs the interaction with the
third-party tool.
Methods used before the service adapter is selected
get support url
Returns an URL that links to the documentation of the service adapter. Such documentation
will be right after uploading the UoL in the IMS LD player and will let to select the best
matching tool for the uploaded UoL.
Methods used during the service adapter conguration
get zero act urls
Returns a list of all the web pages that will be used during the act zero. Such pages are
provided by the service adapter and will depend on the requisites of the supported third-
party tool.
Each element of the returned list should contain the following elements:
 The URL of the resource to be accessed
 The title of the link that will be placed in the activity tree
 If they exists, the learning objects associated to the resource. These learning object
will be accesible from the environment of the activity.
The act zero will have an activity structure that contains the URLs in the list.
get zero act roles
Returns the list of IMS LD roles that must take part in the activities of the act zero. It is
suggested for the method to follow these steps:
1. Obtain a list of the UoL roles that will use the third-party tool (GSI groups)
2. Check the permissions that these roles will have in the third-party tool.
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3. Decide, according to the permissions and the requirements of the supported third-party
tool, which role will take part in the act zero.
The IMS LD player will create a role-part for each of the roles in the returned list. The
role-part will relate these roles with the activity-structure created with the URLs returned
by get zero act urls.
Methods used during course instantiation
initialize user
If the service adapter keeps a record of its users, this method is used to initialize the user
data in the internal database.
Explicit user initialization is required to prevent recording innecessary data.
request congured instance
This method receives a user-id. The method will check the user's permissions in the third-
party tool and, depending on such permissions and on the functionality of the supported
third-party tool, instantiates an instance and return the URL (or list of URLs) that will be
used to access such instance.
Each returned URL should contain the following elements:
 The URL of the resource to be accessed
 The title of the link that will be placed in the activity tree
get zero act visibility
This method says who will have access to the activities in the act zero. That is, several roles
might be involved in the act zero (see get zero act roles), but it does not mean that they
have to perform the same tasks. Actually, the dierent roles will usually access to dierent
tasks.
This method returns a list of the activities that will perform each role that participates
in the act zero. The IMS LD player will change the visibility of the activities according to
the list returned by this method.
Methods called during the enactment phase
zero act scripts
This method decides if a tcl script must be executed as reponse to the completion of an
activity of the act zero. The decision is based on who completed the activity and which
activity was completed.
Then, the method is called by the IMS LD player whenever an activity of the act zero
is terminated. The method receives the following information:
 The activity that has been terminated
 The user who has performed the activity
 A boolean indicating if the method will receive future calls from the same course
instance. That is, if all the users have nished the act zero.
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action list execute
Receives a list of actions that should be executed in the third-party tool and ask the tool to
execute them. This method is called whenever a IMS LD event triggers a GSI action. The
actions are dened in the manifest.
It should be indicated which user has triggered the actions, i.e. which user is calling the
action in the third-party tool.
perform startup actions
It is the same than the action list execute method. The dierence is that
perform startup actions is called when the third-party tool is being instantiated and
the actions are executed for all the users in the course, not only for a particular user.
get external value
This method is called whenever the IMS LD player requests information from the third-
party tool. This method is in charge of requesting such information and translating it to a
GSI understandable format.
In most cases, the retrieved information regards a particular user. Thus, the method
receives the user-id of the person that owns the data. The authentication token of the user
is taken from the information gathered in the act zero.
Third-party tools usually oer their information in a proprietary format. The
get external value method must parse the such information and return the expected
value, which is dened by the array type (contribution, context, custom. See the description
of the GSI vocabulary for more information).

Appendix B
Questionnaires for the analysis
and evaluation of the MOSAIC
experience
The questionnaires oered to authors, tutors and students in the experience described in
Section 6.3 are presented here. The questionnaires are in Spanish, that is the language in
which they were presented to the participants.
Cuestionario Dirigido a los Dise~nadores de la UoL de la
Experiencia Mosaic sobre la Especicacion del Flujo de
Artefactos
Instrucciones : Este cuestionario esta dirigido al dise~nador de la UoL de la experiencia
Mosaic. El cuestionario se enfoca exclusivamente a la especicacion del ujo de artefactos.
Cuestionario Como autor del dise~no de la UoL del caso Mosaic:
>Cual era tu experiencia previa en el dise~no de UoL's con IMS-LD al
momento de realizar este dise~no?
Respuesta [0-nada ... 6-mucha]:
>Que problema(s) tuviste, si hubo alguno, al momento de especicar el ujo
de artefactos?
Respuesta Abierta:
>Crees que la aproximacion que usaste para especicar el ujo de artefactos
es propensa de errores para el autor del dise~no? Explica.
Respuesta Abierta:
>Crees que la aproximacion que usaste para especicar el ujo de artefactos
te produjo una carga cognitiva adicional a la de especicar por ejemplo, el ujo
de actividades?
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Respuesta Abierta:
>Como compararas la especicacion que usaste para el ujo de artefactos,
respecto de la especicacion que usaste para el ujo de actividades?
Respuesta Abierta:
Preferiras que el ujo de artefactos se especicara de forma continua, de
manera analoga a la especicacion del ujo de actividades?
Respuesta [Si,No, Da Igual]:
>Cual es tu valoracion general sobre la aproximacion usada en la experiencia
para especicar el ujo de artefactos?
Respuesta [0-pobre ... 6-buena]:
Comentarios:
Respuesta Abierta:
>Por que no usaste una aproximacion basada en especicar artefactos como
propiedades para el ujo de artefactos?
Respuesta Abierta:
Cuestionario Dirigido a los Administradores y Tutores
de la Experiencia Mosaic sobre la Gesion de Ficheros
por parte de los Usuarios
Instrucciones : Este cuestionario esta dirigido a los tutores y administradores de la
experiencia Mosaic. El cuestionario se enfoca exclusivamente a la gestion de artefactos por
parte de los usuarios.
Cuestionario Como tutor y/o administrador del caso Mosaic:
>En que grado los usuarios cumplan las instrucciones de la actividad para
almacenar sus cheros?
Respuesta [0-no cumplan ... 6-cumplan]:
Respuesta Abierta:
>Podas distinguir entre un usuario que no suba su chero del que lo suba
a otra carpeta o con otro nombre? Explica.
Respuesta Abierta:
>Crees que esta aproximacion usada para gestionar cheros es propensa de
errores por parte del usuario? Explica.
Respuesta Abierta:
>Crees que esta aproximacion usada para gestionar cheros le agrega una
carga cognitiva adicional a los usuarios? Explica.
Respuesta Abierta:
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>Cual es tu valoracion general sobre la aproximacion usada en la experiencia
para la gestion de cheros por parte del usuario?
Respuesta [0-pobre ... 6-buena]:
Comentarios:
>Que recomendaciones haras para mejorar la gestion de cheros por parte
del usuario?
Respuesta Abierta:
Cuestionario Dirigido a Usuarios sobre la Gestion de
Ficheros en la Experiencia Mosaic
Instrucciones : Este cuestionario es anonimo y esta dirigido a todas las personas que
participaron en la experiencia Mosaic en el rol de estudiantes. El cuestionario se enfoca
exclusivamente a la experimentacion del usuario en el tema de gestion de cheros durante la
experiencia. Las preguntas son cerradas, sin embrago tu comentarios son muy importantes
para este estudio.
Contexto : Si recuerdas, la aproximacion usada en la experiencia Mosaic para la gestion
de cheros, era un repositorio de cheros compartido que era gestionado por cada usuario
siguiendo las instrucciones de la actividad:
>Almacenaste alguna vez un chero en una carpeta distinta o con un nombre
distinto al indicado en las instrucciones de la actividad?
Respuesta [Si, No]:
Comentarios:
>Si tu respuesta a la pregunta anterior fue \S", >cual fue la razon de no
seguir las instrucciones de la actividad para salvar tu chero? (a) Entend mal
las instrucciones (b) Aplique mal las instrucciones (c) Olvide las instrucciones
(d) Ignore las instrucciones (f) Otra (Indicar Cual)
Respuesta[Inciso]:
Comentarios:
>Tuvistes alguna vez problemas para localizar los cheros de alguno de tus
compa~neros durante una actividad peer-review?
Respuesta [S, No]:
Comentarios:
Contesta a esta pregunta si has contestado \S" a la pregunta anterior. Si
en una actividad peer-review, el chero de tu compa~nero no se encontraba en
la carpeta correspondiente, >eras consciente de que posiblemente tu compa~nero
lo hubiera subido a otra carpeta o lo hubiera salvado con otro nombre?
Respuesta [Si, No]:
Comentarios:
>Crees que esta aproximacion para almacenar y acceder a los cheros es
propensa de errores por parte de los usuarios?, >en que medida?
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Respuesta 1 [S, No]:
Respuesta 2 [0-poco ... 6-mucho]:
Comentarios:
>Crees que te produca una carga cognitiva adicional el tener que seguir las
instrucciones de la actividad para saber donde almacenar tu chero y con que
nombre, o donde acceder a los cheros de tus compa~neros y con que nombres?,
>en que medida?
Respuesta 1 [S, No]:
Respuesta 2 [0-nada ... 6-mucha]:
Comentarios:
Si limitamos la responsabilidad del usuario a subir cheros de su sistema
local al sistema gestor y viceversa, sin tener que preocuparse donde los
almacena el sistema ni de como les llama, de forma que el sistema gestor
recupere automaticamente los cheros que le corresponden a cada usuario en
una actividad. >Crees que se reducira la carga cognitiva del usuario?, >en que
medida?
Respuesta 1 [S, No]:
Respuesta 2 [0-poco...6-mucho]
Comentarios:
>Cual es tu valoracion general sobre la aproximacion usada en la experiencia
Mosaic sobre la gestion de cheros por parte del usuario?
Respuesta [0-mala...6-buena]:
Comentarios:
Appendix C
Questionnaires for the analysis
and evaluation of the Science
Week experience
The questionnaires oered to the participants of the Semana de la Ciencia workshop, de-
scribed in Section 7.2 are presented here. The questionnaires are in Spanish, that is the
language in which they were presented to the participants.
Cuestionario previo
Tu nombre
Respuesta texto libre
>Cual es tu experiencia previa en el uso de ordenadores?
1=Ninguna, 2 = Poca, 3 = Normal, 4 = Me manejo con soltura, 5 = Soy un experto
Incluye comentario con respecto a tu experiencia con los ordenadores
Respuesta texto libre
>A que te dedicas?
Respuesta texto libre
>Cual es tu motivacion para participar en este taller?
Respuesta texto libre
Cuestionario intermedio
Tu nombre
Indica el mismo nombre que pusiste en el cuestionario previo
Valora de 1 a 5 tu experiencia previa con la adaptacion de materiales.
Considera tambien los ejemplos en los que no hubiera ordenadores implicados
en la adaptacion
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(1 = Ninguna experiencia; 5 = Mucha experiencia)
Teniendo en cuenta unicamente la adaptacion realizada por ordenador,
valora tu experiencia previa con la adaptacion de materiales.
(1 = Ninguna experiencia; 5 = Mucha experiencia)
Indica la utilidad que consideres para los tipos de adaptacion
 Basada en el perl de alumno. (1 = Poco util; 5 = Muy util)
 Basada en la actividad del alumno. (1 = Poco util; 5 = Muy util)
 Basada en el escenario de trabajo. (1 = Poco util; 5 = Muy util)
>Que efecto crees que tiene este la adaptacion de material en el proceso
educativo?
(1 = Muy negativo; 5 = Muy positivo)
Valora de 1 a 5 la relacion dicultad/benecio de la adaptacion de materiales.
(1 = Demasiado difcil, no compensa el benefcio; 5 = Muy benecioso, el trabajo queda
compensado)
>Te ha resultado comprensible el metodo de trabajo seguido en el ejemplo?
(1 = Nada comprensible; 5 = Facilmente comprensible)
>Crees que es un ejemplo realista? o dicho de otra forma, >Como de cercana
esta la adaptacion del ejemplo a tu entorno de trabajo/educativo?
(1 = Nada cercana; 5 = Muy cercana)
Valora la utilidad del ejemplo en un caso practico real
(1 = Nada util; 5 = Muy util)
Valora de 1 a 5 la relacion dicultad/benecio en el ejemplo
(1 = Demasiado difcil, no compensa el benefcio; 5 = Muy benecioso, el trabajo queda
compensado)
Comentarios sobre las posibilidades que te sugiere este ejemplo.
Respuesta texto libre
Cuestionario nal
Tu nombre
Indica el mismo nombre que pusiste en el cuestionario previo
Una vez que has creado tu propio material, valora de 1 a 5 la relacion
dicultad/benecio del esquema de trabajo planteado
(1 = Demasiado difcil, no compensa el benefcio; 5 = Muy benecioso, el trabajo queda
compensado)
Valora de 1 a 5 la facilidad que has tenido para...
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 Incluir en la plantilla el material del curso. (1 = Nada facil, 5 = muy facil)
 Crear un cuestionario. (1 = Nada facil, 5 = muy facil)
 Interactuar con la hoja de calculo. (1 = Nada facil, 5 = muy facil)
 Incluir reglas de adaptacion en el curso. (1 = Nada facil, 5 = muy facil)
 Hacer una previsualizacion del curso. (1 = Nada facil, 5 = muy facil)
 En general, para crear tu propio curso adaptativo . (1 = Nada facil, 5 = muy facil)
Valora la facilidad de implantar esta tecnica en tu entorno de trabajo. La
pregunta no se reere a dicultades administrativas, sino a la acogida por parte
de los docentes.
(1 = Nada facil, 5 = Muy facil)
>Crees que el uso de una hoja de calculo para gestionar las repuestas aporta
algun valor a~nadido al curso?
(1 = No, en absoluto, 5 = Si, mucho)
Explica cual es este valor a~nadido.
Respuesta texto libre
Nombra otras aplicaciones de internet cuyo uso crees que benecia la
imparticion de un curso.
Indica tambien el contexto en el que usaras dicha aplicacion.
Respuesta texto libre
Valora de 1 a 5 tu impresion de...
 Contenido del taller. (1 = No me ha gustado, 5 = Me ha gustado mucho)
 Dinamica del taller. (1 = No me ha gustado, 5 = Me ha gustado mucho)
 Materiales ofrecidos. (1 = No me ha gustado, 5 = Me ha gustado mucho)
 Duracion del taller. (1 = No me ha gustado, 5 = Me ha gustado mucho)
Comentarios generales del taller
Respuesta texto libre

Appendix D
Questionnaires for the analysis
and evaluation of the experience
in System Programming
The questionnaires oered to the students in the experience described in Section 7.3 are
presented here. The questionnaires are in Spanish, that is the language in which they were
presented to the participants.
Cuestionario para profesores
Tareas del profesor
>Cual es tu rol en la asignatura?
Profesor de practicas/teora
Experiencia docente
Indica tu experiencia en tareas docentes, tanto en esta asignatura como en cualquier otro
tipo de experiencia docente. Indica tambien tu experiencia con sistemas de gestion de
aprendizaje (Moodle y similares).
Respuesta de texto libre
Indica que medios has utilizado para acceder al enunciado del proyecto
 Los enunciados "en crudo" en el repositorio de contenidos de profesores
 El rol de profesor en la plataforma de despliegue de proyecto
 El rol de alumno cticio en la plataforma de despliegue del proyecto (solo disponible
en el proyecto 2)
 Otro (indica cual)
Indica que medios has utilizado para acceder a los recursos asociados al
proyecto
(codigo fuente, pagina de entrega, resultados de la competicion...)
 Los enunciados "en crudo" en el repositorio de contenidos de profesores
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 El rol de profesor en la plataforma de despliegue de proyecto
 El rol de alumno cticio en la plataforma de despliegue del proyecto (solo disponible
en el proyecto 2)
 Otro (indica cual)
Indica que medios has utilizado para acceder a la informacion relativa a los
alumnos
Es decir, tiempos de entrega, codigo entregado, etc.
 La cabina de mando del reproductor de cursos
 El enlace de descarga de codigo
 Los logs "en crudo" ofrecidos por la plataforma alojada en plato
 Otri (indica cual)
>Has necesitado algun recurso para tutelar o evaluar a los alumnos pero no
has podido acceder a el?
Indica que recurso y por que no has podido acceder
Respuesta de texto libre
Para el proyecto 1, valora numericamente el grado de integracion que has
percibido a la hora de acceder a los recursos de tutela/evalucion que has
necesitado. Por ejemplo en un sistema bien integrado todos los elementos
necesarios para el trabajo estan relacionados entre s y se accede a ellos de
forma similar
5=Todos los elementos muy bien integrados, 1= Elementos excesivamente distribudos
Para el proyecto 2 valora numericamente el grado de integracion que has
percibido a la hora de acceder a los recursos de tutela/evalucion que has
necesitado. Por ejemplo en un sistema bien integrado todos los elementos
necesarios para el trabajo estan relacionados entre s y se accede a ellos de
forma similar
5=Todos los elementos muy bien integrados, 1= Elementos excesivamente distribudos
Explica tus respuestas a las 2 preguntas previas
Respuesta de texto libre
Percepcion del alumnado
>A que nivel crees que se ha conseguido el objetivo de que los alumnos lleven a
cabo un trabajo sostenido?
5 = Trabajo muy sostenido con el tiempo, 1 = Trabajo muy poco sostenido
En relacion a la pregunta anterior >en que fuentes de informacion basas tu
respuesta?
Respuesta de texto libre
>Crees que la carga de trabajo impuesta a los alumnos por el proyecto es
coherente con la planicacion de la asignatura?
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5 = Muy coherente, 1 = Muy poco coherente
Si crees que la carga de trabajo no es coherente explicalo
Respuesta de texto libre
>Crees que la dicultad del proyecto es coherente con la planicacion de la
asignatura?
5 = Muy coherente, 1 = Muy poco coherente
Si crees que la dicultad no es coherente explicalo
Respuesta de texto libre
Como cuanticaras el interes en la practica por parte del alumnado:
5 = Mucho interes, 1 = Poco interes
>Cuales crees que son los factores de inuencia de dicho interes?
Respuesta de texto libre
El interes mostrado por los alumnos a lo largo del proyecto >ha inudo en
tu motivacion a la hora de afrontar tus tareas como docente?
5 = Mucha inuencia, 1 = Poca inuencia
Explica tu respuesta anterior
Respuesta de texto libre
Crees que el planteamiento global de los proyectos ha supuesto un benecio
para los alumnos.
5=Mucho benecio, 1= Ningun benecio
Matiza tu respuesta anterior
Respuesta de texto libre
Flujo de actividades
Valora el impacto que ha tenido la correccion semiautomatica de entregas de
proyecto sobre:
5 = Muy benecioso, 1 = Nada benecioso
 Las habilidades de programacion adquiridas por los alumnos
 La calidad de las entregas
 El ritmo de trabajo del alumnado
Valora el impacto que crees que ha tenido el acceso secuencial por parte de
los alumnos a las distintas partes del enunciado sobre:
5 = Muy benecioso, 1 = Nada benecioso
 Las habilidades de programacion adquiridas por los alumnos
 La calidad de las entregas
 El ritmo de trabajo del alumnado
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Valora el impacto que crees que ha tenido la imposibilidad de reentregar un
codigo ya aceptado como valido sobre los siguientes aspectos:
5 = Muy benecioso, 1 = Nada benecioso
 Las habilidades de programacion adquiridas por los alumnos
 La calidad de las entregas
 El ritmo de trabajo del alumnado
Con respecto a las penalizaciones propuestas en caso de no cumplir los plazos
previstos valora numericamente el impacto que ha tenido sobre:
5 = Muy benecioso, 1 = Nada benecioso
 Las habilidades de programacion adquiridas por los alumnos
 La calidad de las entregas
 El ritmo de trabajo del alumnado
A~nade los comentarios que consideres oportunos con respecto a las 4
preguntas previas
Respuesta de texto libre
Carga de trabajo del profesorado y valoracion global
>Que factores (si ha habido alguno) han contribuido a reducir la carga de
trabajo del profesorado en el proyecto?
Respuesta de texto libre
>Que factores (si ha habido alguno) han contribuido a incrementar la carga
de trabajo del profesorado en el proyecto?
Respuesta de texto libre
Valora numericamente la carga de trabajo del profesorado a lo largo del
proyecto
5=Mucho mas de lo necesario, 1=Mucho menos de lo necesario
Independientemente de si la carga de trabajo ha sido alta o baja >Consideras
que se adecua a lo que se espera por parte del profesorado?
5=S, mucho, 1=No, nada
Explica tu respuesta a las dos preguntas anteriores
Respuesta de texto libre
>Estas de acuerdo con el planteamiento general del proyecto?
5=Muy de acuerdo, 1=Nada de acuerdo
Explica tu respuesta a la pregunta anterior
Respuesta de texto libre
Tomando como base la experiencia del presente curso >consideras adecuado
volver a utilizar el mismo planteamiento en cursos futuros?
Respuesta de texto libre
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Cuestionario para alumnos
Instrucciones
Esta encuesta es opcional (no es obligatorio hacerla), no evaluada (no se tiene en cuenta
la nota nal) y anonima (no se sabe a quien pertenece cada respuesta) El objetivo de esta
encuesta es mejorar, de cara a cursos futuros, el planteamiento de los proyectos realizados
a lo largo de la asignatura. No hace falta que contestes a todas las preguntas, lo que s que
es necesario es que pulses el boton "Submit" en la ultima pagina del cuestionario. Gracias
por tu colaboracion
Carga de trabajo
Cuantas horas de trabajo has dedicado en total al primer proyecto
La pregunta se reere al trabajo individual llevado a cabo, no a l suma de los integrantes de
la pareja.
 Menos de 10 horas
 Entre 10 y 15 horas
 Entre 15 y 20 horas
 Entre 20 y 25 horas
 Mas de 25 horas
El tiempo dedicado al primer proyecto, >ha estado concentrado en das
concretos, o distribudo a lo largo de la duracion del proyecto?
5 = Trabajo muy sostenido, 1 = Trabajo muy concentrado en momentos puntuales
Consideras que este tiempo de trabajo es, en relacion con los creditos que
vale la asignatura y al porcentaje de nota del proyecto:
5 = Muy poco tiempo de trabajo, 1 = Excesivo tiempo de trabajo
Valora numericamente la dicultad que, segun tu opinion, ha tenido el
primer proyecto
5 = Muy facil, 1 = Muy difcil
>Crees que esta dicultad es acorde a lo que cabe esperar con respecto a los
contenidos de la asignatura?
La pregunta se reere a la dicultad de sacar adelante las practicas, no del tiempo dedicado
a ello.
 No, es mas difcil de lo que debera
 S, es acorde a lo esperable
 No, es mas facil de lo que debera
>Consideras apropiados los criterios de evaluacion del proyecto 1?
5 = Muy apropiados, 1 = Nada apropiados
>Crees que la nota que has sacado en el primer proyecto es justa?
Incluye los comentarios con respecto a la evaluacion que consideres apropiados
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Respuesta tipo texto libre.
Cuantas horas de trabajo has dedicado en total al segundo proyecto
La pregunta se reere al trabajo individual llevado a cabo, no a la suma de los integrantes
de la pareja.
 Menos de 10 horas
 Entre 10 y 15 horas
 Entre 15 y 20 horas
 Entre 20 y 25 horas
 Mas de 25 horas
El tiempo dedicado al segundo proyecto, >ha estado concentrado en das
concretos, o distribudo a lo largo de la duracion del proyecto?
5 = Trabajo muy sostenido, 1 = Trabajo muy concentrado en momentos puntuales
Consideras que este tiempo de trabajo es, en relacion con los creditos que
vale la asignatura y al porcentaje de nota del proyecto:
5 = Muy poco tiempo de trabajo, 1 = Excesivo tiempo de trabajo
Valora numericamente la dicultad que, segun tu opinion, ha tenido el
segundo proyecto
5 = Muy facil, 1 = Muy difcil
>Crees que esta dicultad es acorde a lo que cabe esperar con respecto a los
contenidos de la asignatura?
La pregunta se reere a la dicultad de sacar adelante las practicas, no del tiempo dedicado
a ello.
 No, es mas difcil de lo que debera
 S, es acorde a lo esperable
 No, es mas facil de lo que debera
>Consideras apropiados los criterios de evaluacion del proyecto 2?
5 = Muy apropiados, 1 = Nada apropiados
>Crees que la nota que has sacado en el primer proyecto es justa?
Incluye los comentarios con respecto a la evaluacion que consideres apropiados
Respuesta tipo texto libre.
Hay una errata en la redaccion de la pregunta, aqu se ha reproducido tal cual. El enun-
ciado debera preguntar por el proyecto 2, lo que era facilmente deducible por el contexto.
A tenor de los resultados, creo que los alumnos lo han interpretado bien, pero queda la duda.
Sobre las preguntas anteriores, a~nade los comentarios que consideres apropi-
ados.
Respuesta tipo texto libre.
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Sobre el sistema de entregas
>Crees que el metodo de acceso a los enunciados, recursos y sistema de entregas
ha sido sucientemente claro?
5 = Muy claro, 1 = Poco claro
Complementa tu respuesta a la pregunta anterior
Respuesta tipo texto libre.
El acceso secuencial a las diferentes entregas (no disponer del siguiente
enunciado hasta no haber terminado el actual), ha resultado benecioso o
perjudicial para el desarrollo del codigo.
5 = Muy Benecioso, 3 = Neutro, no ha inudo, 1 = Muy perjudicial
Complementa tu respuesta a la pregunta anterior
Respuesta tipo texto libre.
La informacion ofrecida por el servidor tras realizar la correccion automatica,
>Te ha supuesto alguna ayuda para encontrar problemas en tu codigo?
5 = S, mucho, 1 = No, nada
>Consideras que el uso de este sistema de entregas te ha supuesto un coste
en tiempo adicional?
5 = No, nada, 1 = S, ha supuesto un alto coste.
>Ha inudo el sistema de entregas en tu forma de trabajo?
5 = S, mucho, 1 = No, nada
El sistema de entregas, basado en la correccion automatica del codigo, >te
ha resultado benecioso o perjudicial a la hora de realizar el proyecto?
5 = Muy Benecioso, 3 = Neutro, no ha inudo, 1 = Muy perjudicial
Complementa tu respuesta a las 4 preguntas previas con los comentarios que
consideres oportunos
Respuesta tipo texto libre.
El sistema de entregas planteado para los proyectos (varias entregas por
proyecto, con correccion automatica) >Crees que ha tenido algun impacto en la
nota que has obtenido?
5 = S, mucho; 1 = No, no ha inudo
Complementa tu respuesta a la pregunta anterior
Respuesta tipo texto libre.
>Has tenido algun problema para determinar cual de los enunciados es el
que te indica que hacer en la siguiente actividad?
5 = No, el enunciado ha sido sucientemente explcito, 1 = S, por momentos no tena
claro que enunciado me corresponda
>Has tenido algun tipo de problema para encontrar/descargar los recursos
(codigo fuente) ofrecidos como complemento a los enunciados?
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5 = No, ningun problema, 1 = S, muchos problemas.
Complementa tu respuesta a las 2 preguntas previas con los comentarios que
consideres oportunos
Respuesta tipo texto libre.
>Has necesitado, o te hubiese gustado saber a traves del sistema de entregas
cual es el estado de las entregas de tus compa~neros?
 S
 No
 No me importa
>Te hubiese gustado o importado que tus compa~neros conociesen el estado
de tus entregas?
 S
 No
 No me importa
Teniendo en cuenta lo anterior, >te gustara volver a utilizar el mismo sistema
de entregas en el futuro?
En asignaturas de cursos posteriores, o en la misma asignatura si repites.
 S
 No
 NS/NC
Comenta tu respuesta a la pregunta anterior
Respuesta tipo texto libre.
Sistema de competicion
El codigo que has entregado, >ha formado parte de la competicion?
 Si
 No
 Other:
>Has obtenido puntuacion extra por la competicion?
 Si
 No
>Has realizado algun esfuerzo extra de desarrollo de codigo para que tu codigo
obtenga buena puntuacion en la competicion?
 Si
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 No
En caso de haber respondido armativamente a la pregunta anterior, indica
en que ha consistido el esfuerzo extra
Respuesta tipo texto libre.
>Como deniras el premio (la nota) conseguido por la competicion?
Elige una de las siguientes opciones
 Excesivamente alto
 Un poco alto
 Adecuado
 Un poco bajo
 Excesivamente bajo
>Diras que la competicion ha supuesto un aliciente en tu motivacion a la
hora de realizar el proyecto?
5 = S, me ha motivado mucho, 1 = No, no me motivado nada
Incluye cualquier comentario con respecto al sistema de competicion que
consideres adecuado
>Que cambiaras?
Respuesta tipo texto libre.
Otros temas
>Tienes aprobada la asignatura de programacion del primer cuatrimestre de
primero?
 S
 No
 Other:
Valora la disponibilidad del profesorado a lo largo de la asignatura
5 = Muy buena disponibilidad, 1 = Muy mala disponibilidad
Valora la actitud del profesorado con respecto a los alumnos
5 = Actitud muy positiva, 1 = Actitud muy negativa
Valora la calidad de las explicaciones dadas por el profesorado a lo largo de
la asignatura
5 = Muy buenas explicaciones, 1 = Muy malas explicaciones
Danos tu opinion sobre el profesorado de la asignatura
Respuesta tipo texto libre.
Danos tu opinion general sobre la asignatura de Programacion de Sistemas.
Respuesta tipo texto libre.

Appendix E
Questionnaires for the analysis
and evaluation of the Meeting
the campus experience
The questionnaires oered to students in the experience described in Section 7.4 are pre-
sented here. The questionnaires are in Spanish, that is the language in which they were
presented to the participants.
Cuestionario para alumnos
Di tres de los aspectos que hayas aprendido sobre el campus que consideres
importantes para tu primer a~no como estudiante de ingeniera.
Respuesta texto libre
Indica 3 aspectos en que creas que te ha ayudado la experiencia Meeting the
Campus
Respuesta texto libre
>La experiencia te ha servido para conocer a gente que no conocas?
Si/No
Valora del 1 al 5 cuanto crees que te ha ayudado la experiencia Descobreix
el Campus de la Comunicacio para conocer el Campus y sus servicios.
1, Muy poco; 5 = Mucho
Valora del 1 al 5 la medida en que el trabajo en grupo te ha ayudado a
reforzar tus ideas y conocimientos sobre el Campus.
Respuesta texto libre
Valora del 1 a 5 la medida en que la eleccion de los miembros del grupo te
ha resultado adecuada considerando la actividad realizada.
Respuesta texto libre
205
206 APPENDIX E. MEETING THE CAMPUS QUESTIONNAIRES
Justica tu respuesta a la pregunta anterior.
Respuesta texto libre
>Que crees que tenas en comun con los miembros de tu grupo?
Respuesta texto libre
Valora del 1 al 5 en que medida crees que la tecnologa movil ha sido
adecuada para la exploracion del campus.
1, Muy poco adecuada; 5 = Muy adecuada
Valora entre 1 (Muy facil) y 5 (Muy difcil)
1. Identicar mi actividad en cada momento
2. Avanzar en la secuencia de actividades
3. Entender que tengo que hacer
>Has requerido la ayuda del profesor para entender que tocaba hacer en
cada momento?
Si / No
Valora entre 1 y 5 en que medida estan integradas las diferentes actividades.
(1, es un conjunto de actividades y tecnologas inconexas; 5, las actividades y tecnologas
estas muy relacionadas entre s)
>Crees que las pausas entre actividades rompen el ritmo de la actividad?
(1,no, no rompen el ritmo; 5, s, s que rompen el ritmo)
A~nade los comentarios que creas oportunos sobre las 5 preguntas previas.
Respuesta texto libre
Si tuvieras que escoger entre una de las tres fases de la actividad cual es-
cogeras?
 Exploracion Web
 Exploracion con moviles
 Actividad en grupo
Justica tu respuesta:
Respuesta texto libre
>Crees que la combinacion de las tres actividades te aporta mas que realizar
las actividades por separado?
Si / No
>Por que? Respuesta texto libre
>Recomendaras la experiencia a tus compa~neros que no han podido re-
alizarla? >Por que?
Respuesta texto libre
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>Repetiras la experiencia? >Por que?
Respuesta texto libre
>Te ha gustado que el test nal se tuviera que contestar a traves del
ordenador?
Si / No / Indiferente
Valora del 1 al 5 que opinas de las preguntas que integraban Google Maps?
 Me han gustado
 Me han sorprendido
 Las he encontrado utiles en el contexto de la experiencia
>Tienes alguna sugerencia sobre la actividad para proximas ediciones?
Respuesta texto libre
